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The Walter Type B.T. Switch is a mighty 
midget. It takes up small panel space, 
and is just the switch for simple switch- 

ing. Recently we have made some big 
improvements in it too. Here they are: 

A new method of fixing contact blades. 

This ensures that they are completely 
rigid all the time. Definite positioning of 
the drive spindle in the wafer, providing 
double bearing. 

There are other improvements 

as well—positive contact and 

steady contact resistance, aii ae 
better insulation between con- 

tacts, and a self-cleaning action. What 


does all that add up to? A sensible, reliable and Jasting switch, which we feel 


will give you first.class service and complete satisfaction. 


Walter Instruments «= 
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MADE 


FOR LIFE 
GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 4421-2-3 
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CLASSIFIED ANNOUNCEMENTS 


The charge for these advertisements at the LINE RATE (if under |” or 12 lines) is: Three lines or under 7/6, each additional line 2/6. 
(The line averages seven words.) Box number 2/- extra, except in the case of advertisements in “‘ Situations Wanted,’’'when it is added 


free of charge. At the INCH RATE (if over |” or 12 lines) the charge is 30/- per inch, single « 
Financial Reports £14 0s. 0d. per column. A 


t and Company’s 





Prosp 
i Replies to box numbers should be addressed 


remittance must accompany the advertisement. 


to : Morgan Bros. (Publishers), Ltd., 28, Essex Street, Strand, London, W.C.2, and marked “‘ Electronic Engineering.”” Advertisements 
must be received before the I4th of the month for insertion in the following issue. 





OFFICIAL APPOINTMENTS 
Vacancies advertised are restricted to persons or employ- 
ments excepted from the provisions of the Control of 
Engagement Order, 1947. 


ELECTRICAL BRANCH, Royal Navy. The 
Admiralty announces an extension of the scheme for 
Short Service Commissions in the Electrical Branch of 
the Royal Navy to include all candidates who have had 
revious commissioned service in the R.N.V.R., the 
Army or the Royal Air Force on electrical and radio 
| duties, and civilians who possess suitable qualifications. 
' Period of service will be five years on the Active List, 
to be followed by four years on the Emergency List. 
Officers who complete the full period of five years on 
the Active List will be eligible for a gratuity of £500, 
| tax free, and in certain conditions, pro rata for shorter 
iods. As in the previous scheme, V.R. officers 
| will be entered in the substantive rank and with the 
$ame amount of seniority that they held at the time 
of their release. For ex-Army and ex-Royal Air 
Force officers seniority will be calculated as for former 
R.N.V.R. officers of relative rank. Ex-Royal Air 
Force and ex-Army candidates must be under the age 
of 35 on the date of entry. Civilian candidates must 
be under 30 years of age and have obtained a Degree 
or Diploma from a recognised University in Electrical 
Engineering or Science, or be Graduate Members of the 
LE.E. or Brit.I.R.E., or have passed such examinations 
as are recognised by the above-mentioned bodies as 
qualifications for Graduate Membership. They will be 
entered in the rank of Acting Sub-Lieutenant (L), 
R.N.,.and promotion to the rank of Lieutenant (L), 
R.N., may be expected after a total of three years’ 
service. For further details, application should be 
made to The Director of Naval Electrical Department, 
Admiralty, Queen Anne’s Mansions, St. James’s Park 
London, S.W.x1. 


BBC invites applications for the post of Head of the 
Recording Section of the Designs Department in 
London. Candidates should possess high professional 
attainments and must have wide knowledge and 
experience necessary to direct and be responsible for 
the activities of a small group of engineers whose work 
fncludes the design of various systems of disk and mag- 
netic recording and reproducing equipment used in 
broadcasting. The salary is in a grade with annual 
increments of {60 rising to £1,360 per annum. Applica- 
tions stating age, qualifications, details of past and 
sewn employment, should reach the Engineering 

stablishment Officer, Broadcasting House, London, 
W.1, within seven days of the appearance of this 
advertisement. 


BBC invites applications for the post of Designs 
Engineer in the Television Transmission Section of 
Designs Department based in London. The appoint- 
ment is in a grade rising by annual increments of £30 to 
a maximum of £680 per annum. Applicants should 
possess a University Degree in Electrical Engineering 
or an equivalent qualification. A sound knowledge of 
transmission theory and experience in electronic 
circuit work is essential, while experience of television 
circuits is most desirable. Aptitude for designing 
apparatus and circuits used in television will be the 
deciding qualification. Applications, stating age, 
onions, details of past and present employment, 
should reach the Engineering Establishment Officer, 
Broadcasting House, London, W.1, within seven days 
of the appearance of this advertisement. 


BBC invites applications for a post in the Television 
Section of the Research Department at Kingswood, 
Surrey. Applicants must possess a University Degree 
in Physics or Electrical Engineering or equivalent 
qualifications (e.g. A.M.I.E.E.) and should be 
acquainted with the basic principles of telecommunica- 
tions. A knowledge of optics and colour as applied to 
television would be of considerable advantage. The 
work will include research on problems contributing 
to the general appraisal of television systems, both 
monochrome and colour. Ample scope will be afforded 
for the exercise of initiative. The salary is in a grade 
with annual increments of £30 and a maximum salary 
of £680 per annum. Applications stating age, quali- 
cations, details of past and present employment should 
reach the Engineering Establishment Officer, Broad- 
casting House, London, W.1., within seven days of the 
appearance of this advertisement. 


A 


WANTED for employment in various parts of the 
United Kingdom and N. Ireland, personnel experienced 
in maintenance and repair of radar and electrical fire 
control equipment. Salary scale—f400 per annum 
rising to £525. Applicants should furnish full details 
of age, practical experience, technical qualifications 
held and state in which part of the U.K. or N.I. they 
are desirous of being employed. Replies should be 
addressed to: D.D.M.E., H.Q. A.A. Command, 
Stanmore, Middlesex. 


ARMY. Regular commissions in R.E.M.E. Applica- 
tions are invited from young Engineers for Regular 
Commissions in the Corps of Royal Electrical and 
Mechanical Engineers. Candidates must (a) be British 
subjects or citizens of the Republic of Ireland, (b) be 
between the ages of 21 and 27, (c) have had at least 
24 years (1} years for those holding an Engineering 
Degree) practical workshop experience as a pupil or 
student apprentice with an engineering firm or, in 
special cases, other appropriate employment, including 
previous service in the Armed Forces; (d) have an 
Engineering Degree of a British University, or (e) 
have passed, or have been exempted from sections A 


.and B of the Associate Membership Examination of 


the Institution of Mechanical Engineers or the Institu- 
tion of Electrical Engineers. (Such exemptions include 
the Ordinary and Higher National Certificates, with 
endorsement, on a subject-for-subject basis). 


BBC invites applications for a post as Engineer in the 
Television Section of the Research Department, 
Kingswood, Surrey. The salary is in a grade rising by 
annual increments to a maximum of £1,100 per annum. 
The work entails investigation of colour optics as 
applied to television. Candidates must have an 
Honours Degree in Physics, or equivalent qualification, 
and experience in photographic reproduction in colour 
or allied processes. A knowledge of the physiology of 
colour vision and of modern methods of colour matching 
is desirable. Some knowledge and experience of 
television practice would be an advantage. Preference 
will be given to candidates who have carried out 
original research and have made contributions in these 
fields. Applications stating age, qualifications, details 
of past and present employment, should reach the 
Engineering Establishment Officer, Broadcasting 
House, London, W.1, within seven days of the appear- 
ance of this advertisement. 


THE RADIOCHEMICAL CENTRE. Applications 
are invited for the following appointments: (a) A 
Physicist to take charge of health services concerned 
with the detection and control of radiation hazards in 
radiochemical laboratories. (b) A Physicist to take 
charge of a section engaged in the standardisation of 
natural and artificial radioactive substances. Appli- 
cants should be men or women of good professional 
standing, preferably with previous experience of radio- 
active work, who are capable of developing the work on 
their own initiative. They will be required to pass a 
medical examination, and should be between the ages 
of 25 and 45. Good salaries will be offered to those 
having the required experience and qualifications. A 
superannuation scheme is in force, and in some cases 
houses will be available at Amersham. Successful 
candidates will be appointed to the staff of Thorium 
Limited (Managing Agent to the Minister of Supply) 
to whom applications should be sent at 1o Princes 
Street, Westminster, London, S.W.1. 





SITUATIONS VACANT 


VACANCIES occur for Marine Radar Servicing 
Engineers at home and abroad. Applicants should 
have held at least Senior N.C.O. radar mechanic rank 
during the war, and be capable of fault-finding on their 
own. Applicants must be prepared to travel as 
required. State whether single or married, age, home 
address and all qualifications. Box 582, E.E. 


APPLICATIONS are invited for the post of Radar 
Engineer to _ specialise in Marine Installations. 
Applicant should have either held a commission as 
Radar Officer during the war or been actively engaged 
on radar development in industry. The post calls for 
energy , willingness to travel, and ability to handle 
installations and repairs in a capable manner. W. H. 
Smith & Co. Elec, Eng., Ltd., Praed Road, Trafford 
Park , Manchester. 


WANTED IMMEDIATELY, Electronic Draughts- 
men with at least 2/3 years’ experience in diagrams, 
mechanical design and layout of electronic industrial 
and laboratory equipment; permanent positions 
offered in the Midlands area; salary according to 
qualifications and experience. Apply, quoting Ref. 
D6/58, to Box No. 549, E.E. 


ENGLISH ELECTRIC require Research Engineers 
with good qualifications and at least two to three year’s 
experience in electronics for work in their Nelson 
Research Laboratories at Stafford. Apply, quoting 
Ref. 251, to Central Personnel Services, English 
Electric Co. Ltd., 24/30, Gillingham Street, West- 
minster. S.W.1. 
BRAZIL 
TELEPHONE PLANT SUPERINTENDENT 

BRITISH COMPANY, operating in Brazil, requires 
a Toll Plant Superintendent for an extensive toll 
network of voice and carrier frequency telephone 
circuits serving large and small towns in an area of 
200,000 square miles. Candidates should be about 
35 years of age, should have an Engineering Degree or 
equivalent, and wide telephone experience. The 
engagement provides for three years of service with 
four months of leave, and will be permanent for a 
man of satisfactory ability. The position is of an 
executive character with good salary. Suitable 
candidates only should write giving personal parti- 
culars and full details of education St experience to 
Box E.E. 409, at 191, Gresham House, E.C.2. 


FERRANTI, LTD., have vacancies at their Radio 
Works, Moston, Manchester, for :—(a) Senior Develop- 
ment Engineers with responsible experience in the 
design of domestic television receivers; (b) Develop- 
ment Engineers with Honours Degree or equivalent 
technical qualifications, preferably with some experi- 
ence of circuit design for domestic television and 
radio. Salary, on a liberal basis, according to qualifica- 
tions and experience. Application forms from the 
Staff Manager, Ferranti, Ltd., Hollinwood, Lancs. 


RADIO—Electronics Technician required by Boots 
Pure Drug Co., Ltd., Nottingham, for their plant 
laboratory, with ability to construct, service and 
trace faults in industrial electronic equipment, such 
as pH meters, D.C. and A.C. amplifiers and R.F. 
generators. Applications, stating salary required, to 
Personnel Manager, Station Street, Nottingham. 


JUNIOR PHYSICISTS are required by Boots Pure 
Drug Co., Ltd., Nottingham, for two positions in their 
plant laboratory. (1) Physics Section: Candidates 
should possess a Degree in Physics and have had some 
previous experience in dust filtration problems, 
industrial electronics and general Reraee measure- 
ments. (2) Instrument Section: Candidates should 
possess a Degree in Physics or Engineering and have 
had some previous experience in industrial instrumenta- 
tion. Salary in the range of £450-£550, depending on 
qualifications and experience. Applications to Per- 
sonnel Manager, Station Street, Nottingham. 


EXPERIENCED ENGINEER required for develop- 
ment of high-frequency heating equipment by electrical 
engineering firm in the Midlands. Write, stating 
technical qualifications, experience and salary required, 
to Box 569, “T. & G.,” 101, St. Martin’s Lane, 
London, W.C.z2. 


APPLICATIONS are invited from Engineering and 
Physics Graduates by the Research Laboratories of 
The General Electric Co. Ltd., East Lane, North 
Wembley, Middlesex, for work on telecommunications 
equipment and radio navigation aids. Details of age, 
academic record and experience should be sent to the 
Personnel Officer. 


UNIVERSITY GRADUATES are required now, and 
new openings will occur during the next six months, at 
the Research Laboratories of The General Electric 
Co. Ltd., East Lane, North Wembley, Middlesex. 
Physicists, Electrical Engineers and Chemists are 
required for research and development work. Details 
of vacancies will be sent to applicants who write to 
the Personnel Officer, stating age, academic qualifica- 
tions and experience. Both senior and junior graduates 
will be considered. 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





DESIGNER DRAUGHTSMEN required by Airmec 
Laboratories Ltd., High Wycombe, for work in the 
field of radio and telecommunications equipment. 
Applicants should have served a recognised apprentice- 
ship in light engineering or have equivajent shop 
training and technical qualifications to the Senior 
National Certificate standard in Electrical Engineering 
or Mechanical Engineering. Applications should be 
uddressed to the Personnel Manager, stating age, 
academic qualifications, experience and salary required. 


SENIOR DESIGN DRAUGHTSMEN required in 
the Radio and Electronic Drawing Office of The 
Plessey Company. Applicants should have experience 
in a drawing office engaged on radio design for mass 
production or the design of communications equipment. 
Applications should be made to the Personnel Manager, 
The Plessey Company Limited, Ilford, Essex. 


POSITIONS as Laboratory Assistants with large 
Company engaged in the light electrical engineering 
field are open to young men with Degrees in Electrical 
Engineering, Physics or Mechanical Engineering. 
To applicants with these qualifications and an aptitude 
for research work, positions offer first class opportunities 
for advancement. Kindly state qualifications with age 
and salary required to Box oe : 


HELLESDON HOSPITAL, Norwich. Technician 
Recordist required for Electro-encephalograph Depart- 
ment. Salary according to E.E.G. scale. Applications 
to and further particulars from the Medical Superinten- 
dent. 


EX-RADAR MECHANICS with experience on 
ground radar equipment in the Forces, on installation 
or maintenance work, are invited to write quoting 
Ref. 704 to Box 597, E.E., 


MARCONI’S WIRELESS TELEGRAPH CO., 
Chelmsford, require ex-service staff officers with 
experience in the planning of ground radar schemes, 
radar policy, etc. Good technical qualifications an 
advantage. Must be willing to travel abroad. Write 
stating salary required and quoting Ref. 257 to Central 
Personnel Services, English Electric Co., Ltd., 24/30, 
Gillingham Street, Westminster, S.W.1. 


MAN REQUIRED for planning, estimating and 
liaison work in a large electronic research unit. Must 
have good technical knowledge of radio, also experience 
of estimating and production planning. Write stating 
experience, qualifications and salary required to Box 
= Aad 5283, A.K. Advtg., 212a, Shaftesbury Ave., 
W.C.2. 


RADIO ENGINEER required. City and Guilds 
Standard. Will be required to deal with all types of 
electronic equipment in Factory Dept., specialising in 
preparation of prototype model etc. Must be able to 
investigate troubles associated with design faults etc. 
North London district. Reply giving experience and 
salary required to Box W 5286, A.K. Advtg., 212, 
Shaftesbury Ave., W.C.z. 


RADIO ENGINEER required with ability to write 
comprehensive service manuals and instruction books, 
particularly on V.H.F. equipment. A really sound 
technical background is essential, also the ability to 
describe complex technicalities in simple straight- 
forward English. Pension scheme and five day week. 
Write age, experience and salary required to Personnel 
Manager, The Plessey Company Ltd., Ilford, Essex. 


GLASSBLOWERS required for Research Labora- 
tories. All round experience in hard and soft glass 
essential, knowledge of lathe work advantageous. 
Apply in person or write to Personnel Department 
R/D., E.M.I. Ltd., Blyth Road, Hayes, Middx. 


TECHNICAL SALES Engineer required for sales 
promotion of radiation, forced air and water cooled 
valves. Previous experience essential. Please state 
experience in detail, technical qualifications, age, 
salary to Box No. 638, c/o Dorland, 18, Regent Street, 
London, S.W.1. 


RADAR ENGINEERS required by Marconi’s Wireless 
Telegraph Co., Chelmsford. Applicants should possess 
H.N.C. or Degree and have had experience in the 
Forces of servicing or installation of radar equipment 
(preferably as Officers or N.C.O.’s). Work involves 
preparation of schedules of equipment, etc. Apply 
quoting Ref. 256 to Central Personnel Services, 24/30, 
Gillingham Street, Westminster, S.W.1. 
ELECTRICAL ENGINEERS aged 25-30 required 
for work in inspection department. Qualifications : 
Higher National Certificate standard, with production 
experience. Knowledge of A.I.D. work would be an 
advantage. Please reply in writing giving full details 
of experience, @ ualifications, etc., to Personnel Depart- 
ment, E.M.I. Engineering Development Ltd., Blyth 
Road, Hayes, Middx. 


TECHNICAL REPRESENTATIVE required im- 
mediately, to handle sales of a wide range of high 
quality hermetically sealed and open type transformers, 
up to 20 K.V.A. Training in electronics essential. 
Reply to Box 598, E.E. 


QUALIFIED ENGINEER required for well equipped 
electro-acoustic laboratory, to undertake original work. 
Previous training and experience in the design and 
development of electro-acoustic transducers and 
electronic circuit technique necessary. Salary, accord- 
ing to qualification and experience, within the range 
of £500-£600 p.a. Five-day week, canteen and social 
facilities. Apply giving full particulars to Box No. 
A 2743, John Haddon & Co., Ltd., Salisbury Square, 
London, E.C.4. 


ASSISTANT required for well equipped electro- 
acoustic laboratory. Training and previous experience 
in this type of work desirable, but not essential. 
Applicants must have good grounding in electronics 
and academic qualification. Salary, depending on 
experience and qualification, approximately £300 p.a. 
Five-day week, social facilities. Apply giving particu- 
lars to Box No. A. 2751, Haddons, Salisbury Square, 
London, E.C.4. 


TECHNICAL ASSISTANT for development of 
strain gauges, preferably with electronic, radar or 
instrument making experience. Electronic Engineer 
with experience in industrial electronics and/or servo 
mechanism. Draughtsman with electrical experience. 
Call or write stating age, experience and salary required 
to Personnel Manager, de Havilland Propellers Ltd., 
Hatfield, Hertfordshire. 


TECHNICAL EDITOR required to edit and prepare 
reports for publication. Qualifications : a good general 
training in electronics, with wide practical experience, 
marked critical faculty and ability to write good 
English. Acquaintance with the various printing and 
photographic reproduction processes would be an 
advantage. Applications, giving full details of experi- 
ence, etc. should be sent to the Personnel Dept., 
E.M.I. Engineering Development Ltd., Blyth Road, 
Hayes, Middx. 


DRAUGHTSMEN. mechanical and electrical, are 
required by the Research Laboratories of The General 
Electric Co. Ltd., North Wembley, Middlesex, for work 
in the fields of valves and radio, including V.H.F. 
and centimetre wave equipment. Vacancies exist for 
seniors with severa] years’ experience as well as for 
juniors, but not for trainees. Apply to the Personnel 
Officer, stating age, academic qualifications and 
experience. 


ELECTRONIC ENGINEER required for develop- 
ment work on U.H.F. oscillators and aerial systems. 
Qualifications: Degree in Physics or Electrical 
Engineering, or equivalent, with several years’ experi- 
ence in these allied fields. Please apply in writing 
giving full details to Personnel Department, E.M.I. 
Engineering Development Ltd., Blyth Road, Hayes, 
Middx. 


ELECTRICAL ENGINEERS required for develop- 
ment work on various A aps of electronic equipment 
including centimetric, io communication and audio- 
frequency, also for de se and test of radio components, 
including transformer design. Qualifications: Degree 
or equivalent in Engineering or Physics and several 
years’ design experience. Salary according to age, 
qualifications and experience. Applicants to send full 
details to Personnel Department, E.M.I. Engineering 
Development Ltd., Blyth Road, Hayes, Middx. 


MANAGER Predictor Production, senior and junior 
development engineers for radio, radar, electronics, 
quartz crystals; speakers, electro-mechanical, senior 
and junior draughtsmen, service engineers P.A., radio, 
also television and radar (home and overseas) ; wiremen 
(skilled and semi-skilled) radar, instruments, radio 
prototype ; *. repairers, production engineers, 
ratefixers, estimators; also other positions vacant. 
Consult Technical Employment Agency, 179, Clapham 
Road, S.W.9. ‘BRIxton 3487). 


QUALIFIED ELECTRONIC assistant required for 
vibration laboratory in North West London factory. 
Experience in vibration measurement not essential if 
sound basic knowledge is combined with practical 
ability. Box 603, E.E. 


SUB-CONTRACTOR wanted for the manufacture 
of television aerials to registered designs. Write 
immediately to Box 602, E.E. 





SITUATIONS WANTED 


ENGINEER, City & Guilds ‘‘ Radio Comm.” Final., 
“ Tech. Elec.”’ Final, Inter B.Sc., industrial develops 
ment experience seeks development work in electronics. 
Special interest: control and measuring devices. 
Box 601, E.E 
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EDUCATIONAL 


o ate *. oy City and Guilds, etc., on ‘‘ NO PASS— 

O FEE” terms. Over 95 per cent successes. For 
fall details of modern courses in all branches of 
Electrical Technology send for our 112-page handbook 
—FREE and post free. B.I.E.T. (Dept. 337B), 17, 
Stratford Place, London, W.1. 





SERVICE 


LOUDSPEAKER repairs, British, 
make. Moderate prices.—Sinclair 
Pembroke Street, London, N.1. 


FACILITIES for the inspection by Electronic 
Engineers of production processes invariably results in 
a worthwhile time or labour saving suggestion. May 
we have the pleasure of an invitation to your works 
with such an end in view. Spencer-West, Quay Works, 
Great Yarmouth. 


TECHNICAL ABSTRACTING, any _ reference. 
Technical information, any subject. Box No. 600 E.E. 


COLE-BERNARD PRODUCTIONS LTD. High 
Fidelity amplifiers, recording gear, tuning units, 
punched chassis to specification. Customers own 
equipment re-aligned and serviced. Despatch to 12 
Chelverton Road, Putney, S.W.15. 


American, any 
Speakers, 12, 





FOR SALE 


WEBB'’S 1948 Radio Map of World, new multi-colour 
printing with up-to-date call signs and fresh informa- 
tion; on heavy art paper, 4s. 6d., post 6d. On linen 
on rollers, 11s. 6d. post gd. 


BRAND NEW PHASE-CONTROL UNITS. 
design ‘‘ E.”” Input, 230V 50 cycles, containing trans- 
former. Output, 250-0-250V, 75-0-75V, 4V at 3 amps., 
4V at 1.5 amps., valves UU4 rectifier, thyratron 
GT1C, condensers, resistances, etc., in super metal 
cabinet and packed in wooden container, £3, carriage 
paid. Brand new ex-R.A.F. power units, containin 
o-rmA MC meter, meter rectifier, 2 x 32 uF 600 VD! 
condensers, 2X300mA 20 Henry L.F. chokes, heavy 
duty mains transformer, input 230V 5c cycles, output 
350-0-350V at 300mA,. 2X6.3V, 5V, 20-0-20V, 2X 
EFso0, EAso, 5U4G condensers, resistances, thermal 
delay switches, fuses, etc.. all in wooden packing case, 
bargain, £6 15s., carriage paid. Valves: GT1C, ros. ; 
EFs50, 5s.; EF54, 7s. 6d.; EA50, 4s.; V1907 (5,000V 
rectifier), 7s.; 5U4G, 1os.; television condensers: 
0.01-4,000 VDC, 0.03-2,500 VDC, 0.05-3,500 VDC, 
1s. S.A.E. list, Cross, Skerries, Cross Lane, West 
Kirby, Cheshire. 


SYLVANIA 1N22-1N21 CV101 crystal diodes 3/6 ea. 
0-100 A.C., 0-1 mA. meters 12/6, EF50, VR78, VRo2, 
VR65, VR65A, 4/6 each. Send your requirements. 
Amateur Paradise ,155 ,Humberstone Rd., Leicester. 


FE TI 7.5 KVA Voltage Regulators, moving 
coil. Iffput, 200-250V +8% to —12%, 45 to 66 c/s. 
Output, 200-250V 4%, frequency compensated ; 


+ 
new and unused, with handbook. Offered at a fraction 
of cost price. Box 581, E.E. 


FOR DISPOSAL. Manufacturers Surplus stock of 
Components mostly transmitter types including 
contactors, capacitors, switches, relays. List available 
from Box No. 596 E.E 


VACUUM RELAYS, Thermal type, 6 volts 35 mA: 
will switch 230 volts 10 amps. length 5.5 in. diam. 1 in 
Fitted with standard 4 pin valve base 6/6 ea. Linear 
wirewound potentiometers (for bridges) Berco type 
Mro, 1K and 50K only 5s. 2 gang carbon potentiometers 
1 Meg.-r Meg. 3s. 6d. Magslips and selsyns, many 
types in stock, send for list and data. Advance 
resistance wire 46 swg D.S.C. 52 Ohms/foot 22s. 6d. 
per lb. Hopton Radio, 1, Hopton Parade, Streatham 
High Rd., London, S.W.16. STReatham 6165. 





WANTED 


WE WILL BUY at your price used radics, amplifiers, 
converters, test meters, motors, pick-ups, speakers, 
etc., radio and electrical accessories. Write, phone or 
call, University Radio Ltd., 22, Lisle Street, London, 
W.C.2. GERrard 4447. 


CARRIER TELEPHONE and Telegraph Equipment 
of all types in any condition wanted ; 
or Teletypewriter apparatus. 
Wardour Street, W.1. 


wae 
R.1392A Air Ministry V.H.F. Receiver. 
batches of 10 or more in new condition. 
etc. to Box No. 599 E.E 


also Teleprinter 
Harris and Gillow, 93, 


Wanted in 
Quote price, 
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Will it last 


longer in 
TUFNOL: 











Let us get down to examples. A Tufnol Shuttle- 
brake on a weaving loom hardly worn after 
105 million picks in 3 years service. Tufnol 
live rail insulators withstanding the lurch of 
a train that smashed the more conventional 
types. A Tufnol trip-bar giving at least 15 
times the service of Lignum Vitae. Tufnol for 
bearings, for gear wheels, withstanding extremes 
of climate, assailed by chemical fumes, and im- 
pressive in its shear, tensile, and compression 


strengths. Every engineer or manufacturer 


TUFNOL LTD. 


PERRY BARR - 


seeking a lightweight non-metallic material 
possessing chemical resisting, electrical in- 
sulating, and mechanical qualities, should get 
to know more about Tufnol. Tufnol is the 


material of enterprise... 





ANY QUESTIONS? 


Many are answered in the various 
Tufnol Publications which contain 
all collected data. If you think you 
have a NEW use for Tufnol 

our Technical Staff will co- 
operate with enthusiasm and 

report objectively. Why not T 
write TODAY ? 


OL 


228 


234 


BIRMINGHAM - 
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CLASSIFIED ANNOUNCEMENTS (Cont'd ) 





MISCELLANEOUS 


FESTIVAL OF BRITAIN. The Council of Indus 
trial Design has opened a 1951 Stock List to which it 


invites manufacturers to send photographs or drawings 
of their best products. Address to: Stock List, 
Council of Industrial Des sign, Tilbury House, Petty 
France, London, S.W. 


Electronic 


HOLIDAY & HEMMERDINGER L' 
74-78, HARDMAN ST., DEANSGATE 
MANCHESTER 3° TEL. DEA. 4121/2 





ACCESSORIES & COMPONENTS 


For Research 
| Depts., Labora- 
| tories, Colleges, 
j etc. 
| Send for List. _ 










L.T.P. REWIND SERVICE 





All rewinds are 
Layer Wound, Vacuum impregnated, 
Pressure tested at 2,000 volts 
and guaranteed for three months. 
48 hour service. 


Enquiries: 


London Transformer Products Ltd. 
L.T.P. Works, Cobbold Estate, 
Willesden, London, N.W.10 





Etectronic Controls 
and EQUIPMENT 
fFOR 


LABORATORY AND INDUSTRY 


& SUPPLY 
@ INSTALLATION 
@ MAINTENANCE 
@ _ SERVICE 

@ DESIGN For 


SPECIAL APPLICATIONS 


F. C. ROBINSON & 
PARTNERS, LTD. 
308, DEANSGATE, MANCHESTER, 3. 
BLAckfriars 1550. 


NORTHERN REPRESENTATIVE FOR : 


LOW LOSS 








Cintel — Electronic Instruments — Baldwin 
Furzehill — Airmec — B.C.C. — Wayne Kerr 
Sargrove. 








Telephone WiLlesden 6486 











MINIATURE RELAY 


D.C. upto24volts . TYPE MIN/ST 





DOUBLE POLE 
CHANGEOVER 
CONTACTS. 
SIZE 
lie” x #” 
Ask for List 124] EO xt 











=— LONDEX LTD=— 


Manufacturers of Relays 
207, ANERLEY RD., LONDON, S.£.20. SYDenham 6258-9 | 








SHEET METAL CASES 


accurately made and finely finished 
We cannot supply 100,000, but if you want 


l, or 
100, or 
1000, or more, 


please contact— 


CLEVELAND ART METAL WORKS 


Architectural Metal Workers and Engineers 
23 & 23a, Mortimer Market, Tottenham 
Court Road, LONDON, W.C.I 
Tel.: EUSton 4169 











our 1950 FULLY 
ILLUSTRATED CATALOGUE 

OF HIGH QUALITY 
ELECTRONIC PRODUCTS IS 


NOW available gaa 


RE RRY'C 


29, HIGH HOLBORN. LONDON, W.C.1 





WE OFFER 
A large range of used and new Test 
Equipment, Converters, Recorders, 
Amplifiers, Motors, Transformers, etc. 


All guaranteed and at very attractive 
prices. 





We buy good modern used equip- 
ment of al types for spot cash. 
UNIVERSITY RADIO LTD. 
22 LISLE STREET, LONDON, W.C.2. 
Tel. GER 4447 and GER 8582. 
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CERAMICS 
cr 


Success through 


h 


constant research 


CAN WE HELP YOU? 


Please ask for pamphlets R.T.1 and R.T.2 


PROMPT DELIVERY 


TAYLOR 
TUNNICLIFF 


(REFRACTORIES) LTD. 
Albion Works, Longton, 
Stoke-on-Trent, Staffs. 
London Office : 

125 High Holborn, W.C.1 
Phones : Stoke-on-Trent 5272 
and Flolborn 1951 











K 


T.A.S./T.T.74 








A.S./T.T.74 q 
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AND NOW- 
THE MINIATURE STANDARD CELL 





Nook 
ay 
£1-7-6 pe 
“bee free “— 
in U.K. Sie 


2 


IMMEDIATE 
DELIVERY 








Study this 





Specification sesame 
_ E.M.F. 1-01859 voLTs ABS #100uV at 20°C 
TEMPERATURE COEFFICIENT 40uV per °C APPROX. 
DIMENSIONS 34"xG"xG* = 9°B8x2°2x2:2em OVERALL 
WEIGHT 24 oz 70 gm 
MOUNTING MOULDED CASE—WITH PANEL AND CHASSIS FIXING HOLES 
Our other types of Standard Cells will interest you. Write for literature. 
MUIRHEAD «& Co. LTD. 
PRECISION ELECTRICAL INSTRUMENT MAKERS PRECISION 
BECKENHAM « KENT - ENGLAND hebben onl? 
Telegrams and Cables : MUIRHEADS ELMERS-END MU.? 
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In lelevision. 
don't lose sight 
of fhe SOUND! 


In building a home television re- 
ceiver, it is important to remember that 
really successful results necessitate faultless 


reproduction of the sound programme as 





well as a picture of the greatest clarity. 

This demands a high-fidelity speaker, giving excellent reproduction over a 
wide range with a minimum of sub-harmonics. The B.T.H. Senior R.K. Loudspeaker fully 
meets these requirements with its large curvature cone, producing a wide and level frequency 
response and giving exceptionally good reproduction where large amplitudes are encountered 


at low frequencies. 


Power handling capacity...... 10 watts peak. Frequency Response...... 30 to 12,000 c.p.s. 


LIST PRICE £6.15.0 (less transformer) 


EDISWAN 
(Radio Products ) 


THE EDISON SWAN ELECTRIC CO. LIMITED, 155 Charing Cross Road, London, W.C.2. 











RAI53 
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_— worthy addition 


TO THE RANGE OF 


AVO’ Hest Yrstiuments 


: R ( 

A new Signal Generator of wide range and accuracy of ° : si i 
performance, designed for use in the laboratory or by the ae, rd G 4C C C a 
service engineer. Turret coil switching provides six eos eh oe 
frequency bands covering 50 Ke/s to 80 Mc/s— GE N [ Kt A rd h 

50 Ke/s-150 Ke/s 1.5 Me/s-5.5 Mc/s 

150 Ke/s—500 Ke/s 5.5 Mc/s—20 © Mc/s 

500 Kces-!.5 Me/s 20 Mc/s-80 Mc/s 


Note these Attractive Features : 


Stray field less than 1pV per metre at a distance of 1 metre 
from instrument. General level of R.F. harmonic content 
of order of 1 per cent. 


Direct calibration upon fundamental frequencies through- 
out range, accuracy being better than 1 per cent. of scale 
reading. 

45 inches of directly calibrated frequency scales with 
unique illuminated band selection giving particularly good 
discrimination when tuning television “staggered” 
circuits. 

Of pleasing external appearance with robust internal 
mechanical construction using cast aluminium screening, 
careful attention having been devoted to layout of com- 
ponents with subsidiary screening to reduce the minimum 
signal to negligible level even at 80 Mc/s. 

Four continuously attenuated ranges using well designed 
double attenuator system. 

Force output 0.5 volts. 


Internal modulation at 400 c/s., modulation depth 30 














per cent., with variable L.F. signal available for external Mains Model 
use. £25 RADIOLYMPIA 
Mains input 100-250 volts A.C., 40-60 c/s. Sica das Sai 
Battery Mode! available havi s 1 Battery Model 
spoabiention and coverin so Kee nme Me i Stand No. 85 
powered by easily obtainable batteries. £24 
Sept. 28 — Oct. 8 
Fully descriptive pamphlet available on application 





Sole Proprietors and Manufacturers : 


She AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT CO.LID. 


\WINDER HOUSE* DOUGLAS STREET + LONDON:S.W.1 Je/ephone: V/CTORIA 3404/9 






S8.G.1. 








MEETINGS 


E.M.I. SALES & SERVICE LTD. 


(Distributing O: 
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PUT THEM ON RECORD speEECcHES 


SOCIAL FUNCTIONS 








September, 1949 
" 
The E.M.I. Portable 
Recorder Model 2300 
LECTURES 


WITH THE E.MJI. PORTABLE RECORDER 


Produced by E.M.I. technicians with 50 years’ 
experience in recording equipment this new E.M.I. 
Portable Recorder is a remarkable technical achieve- 
ment. Here in transportable form is a complete 
recording and play-back equipment designed to 
produce high quality recordings on lacquer blanks 
without demanding expert knowledge of recording 
technique. Operation is extremely easy and the 
equipment which is contained in three transportable 
cases will operate on 200/250 volts 50 cycle A.C. mains 
supply or from a Car Battery and convertor. 

The lacquer recording blanks from 6” to 13” diameter 
are ready for play-back immediately after cutting. 
Facilities for play-back and for sound amplification 
form an integral part of the Recorder. 

Microphone. High performance ribbon type de- 
signed to exacting professional standards and having 
a frequency response uniform within + 2}db from 





ion for The @: ph 





30-10,000 c.p.s. It is free from distortion even at 
extremely high levels of sound. The matching 
impedance is 20 ohms. 

4 Stage Amplifier. Flat response from 50-10,000 
c.p.s. with ** push-pull ” output of 8 watts. 
Turntable. Band driven 18 lbs. balanced turntable 
powered by 1/20 h.p. motor specially mounted to give 
freedom from vibration. Speed 78 r.p.m. 

Recording Head. Moving Iron type used in cons 
junction with a specially matched equaliser. The 
depth of cut can be adjusted for various types of 
lacquer blanks and cutting styli. 

Loudspeaker Unit. Houses the Microphone and 
connecting cables. The Loudspeaker is of the 10” 
elliptical permanent magnet, wide range, high quality 
type. Impedance 5 ohms at 1,000 cycles. 

A descriptive leaflet giving full details of the equipment 
and Recording Blanks is available on request. 


Zonophone, The Parlophone Co. Lid., M.G.M. Records, 


CONCERTS 


HEAD OFFICE - HAYES - MIDDLESEX 


Co. Ltd. (‘ His Master’s Voice’), H.M.V. Household Appliances, The <eaaaecamaeal Co. Lid., Columbia Graphophone Co. Lid., Regal— 








$.S.2. 
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FOR VALVE HOLDERS 


and all radio components 
FREQUENTITE — FARADEX — TEMPRADEX 


STEATITE & PORCELAIN PRODUCTS LTD. @® 


(ei nl 


Stourport on Severn, Worcester Telephone: Stourport II Telegrams: Steatain, Stourport 
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TO METER 























WIRE ENDED 
CRYSTAL 
RECTIFIER ® 


FOR BTH Lee ENDED 


CRYSTAL RECTIFIERS 


@ The illustration shows a unit 
designed to measure radio frequency current 
up to O°l ampere in the range 95 to 105 me|s. 











Send us particulars of YOUR requirements. 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED» RUGBY + ENGLAND 
A3757 
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hse es ct 


. - . each of importance in its own 
sphere—ALL of importance to radio 
and television engineers. 

They contain useful technical 
information on the latest develop- 
ments in B.I.C.C. Radio Connecting 
Wires (No. 247R), Television Down- 
lead Cables (No. 244R), Microphone 
and Loudspeaker Cables (No. 245R) 
and Copper Earth Rods for Radio 
(No. 243R). 

Write to-day for a free copy 
of the Publication you need. 

















ll 
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RIGHT ar 


ADDISON ROAD ENTRANCE 


RADIOLYMPIA 


SEPTEMBER 28th—OCTOBER 8th 


* SWITCHES, 

® CONNECTORS, 
& INDICATORS, 

& FUSES, etc., 

e JACKS & PLUGS, 
& RESISTORS, 

e NEON PRODS, 
* SUPPRESSORS, 
a 


ACCESSORIES. 





The first specialised miniature radio components were manufactured by Bulgin over 25 years 
ago. Since then their wide range has been developed to cover every requirement of jthe 
radio and television industries. 


The latest Bulgin achievement is the introduction of the first coloured components which 
reflect the scientific skill and practical design of all Bulgin products. 


WE WELCOME VISITORS TO 


STAND NUMBER ONE 


RADIOLYMPIA 























BULGIN 


Quality Electronic Components 








A. F. BULGIN & CO. LTD., 
BYE PASS ROAD, BARKING. Telephone : RIPpleway 3474 (5 lines). 











September, 1949 Flectronic Engineering 18 





The Police “999° emergency call system depends for its 
successful operation on instantaneous radio communication 
between Police headquarters and the fleet of patrol cars. Radio 
equipment in the patrol cars is used under the most arduous 
conditions but it must be available for instant use 24 hours in 
the day. 

No wonder then that more and more Police authorities 
throughout the country are using G.E.C. quartz crystals in their 
radio equipment. 

Pioneering research and experience in making over a million 
units, ensure a product of the highest quality. For all your 
quartz crystal requirements be sure to specify G.E.C. 

Quick delivery service for urgent requirements for experi- 
mental or replacement purposes. 

Write for our leaflet QC.4904. 





SALFORD ELECTRICAL INSTRUMENTS LIMITED 
PEEL WORKS - SILK STREET : SALFORD - 3: LANCS. 


A SUBSIDIARY OF THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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All types of 
MICROPHONES, 
STANDS 
and SPEAKERS 
available from 
stock including 
12 in. GOODMAN 
P.M. SPEAKER 


a 
30-Watt RECORD 
REPRODUCER 
in metal case 

PRICE 303 Gns. 


* 
10-Watt RECORD 
REPRODUCER with 
MICROPHONE 
STAGE, in case 
PRICE 254 Gns. 


& 
CP20A AMPLIFIER 
for A.C. Mains and 
12-volt Battery 
PRICE £28.0.0 


~ 





a 
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“SUPER FIFTY WATT” AMPLIFIER 











| 
— od 
This AMPLIFIER has a response of 30 c/s. to 25,000 c/s within 
jdb, under 2 per cent distortion at 40 watts and | per cent at 
15 watts, including noise and distortion of pre-amplifier and 
microphone transformer. Electronic mixing for microphone and 
gramophone of either high or low impedance with top and bass 
controls, Output for 15/250 ohms with generous voice coil 
feedback to minimise speaker distortion. New style easy access 
steel case gives recessed controls, making transport safe and easy. 
Exceedingly well ventilated for long life. Amplifier complete in 
steel case, with built-in 15 ohm mu-metal shielded microphone 
transformer, tropical finish. As illustrated, Price 36} Gns. 


FOUR-WAY ELECTRONIC MIXER 





This unit with 4 built-in, balanced and screened microphone 
transformers, normally of 15-30 ohms impedance. Has 5 valves 
and selenium rectifier supplied by its own built-in screened power 
pack ; consumption, 20 watts. 

Suitable for recording and dubbing, or large P.A. Installations since 
it will drive up to six of our 50-watt amplifiers, whose base 
dimensions it matches. The standard model has an output 
impedance of 20,000 ohms or less, and any impedance can be 
supplied to order. Price in case with valves, etc. £24. 


OUR FRIENDS OVERSEAS 
are invited to write for Export Terms 





257-261 THE BROADWAY, "957-261 THE BROADWAY, WIMBLEDON, 
LONDON, S.W.19, ENGLAND. 


LIMITED TELEPHONES : LiBerty 2814 and 6242-3. 


TELEGRAMS: ‘‘VORTEXION, WIMBLE, LONDON.”’ 





Oe eS 
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METAL DETECTION EQUIPMENT 


provides an additional safeguard for the quality of the product and 


eliminates the risk of fire and damage to machinery by tramp metal. 


Typical installations of the 
‘CINTEL’ INDUSTRIAL ELECTRONIC METAL DETECTOR 


Chocolate Coated Biscuits 






Dried Fruits 


Chocolate Bars 


Toilet Requisites 


Raw Rubber 


Packaged 
Confectionery 


Applications in other industries including Plastics, Tobacco, Textiles, Instlating materials, Limestone, 
Sugar cane crushing, etc. . 


The ‘ Cintel’ Industrial Electronic Metal Detector has been specially designed to 
provide permanent inspection facilities with the minimum of attention. Fully auto- 
matic in operation, the equipment removes the risk of error that may be present 


with visual inspection and detects both ferrous and non-ferrous metal inclusions. 





Registered Trade Mark 


CINEMA TELEVISION LIMITED 


WORSLEY BRIDGE ROAD, LONDON, §.E.26 
Telephone: HiTher Green 4600 
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VOLTAGE 
REGULATING 
EQUIPMENT 


A ‘Comprehensive Range es 
| for | 
High or Low Tension 


Manual or Automatic Operation 
High or Low Current 


Constant or Infinitely Variable | 
) V oltage | 








Foster Transformers & Switchgear Ltd 


Associated with SOUTH WIMBLEDON, LONDON, S.W.19 
LANCASHIRE DYNAMO & CRYPTO L™® 
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240 Pages of Valve information for designers & maintenance engineers 


Make sure of getting your copy of the 


EDI SWAIN 


MAZDA 
VALVE MANUAL 


In addition, there are a number of outline 
drawings and typical circuits and some useful 














This handy pocket-sized booklet contains 240 pages 
of valuable information for all Radio Engineers 
and designers. Divided into five sections covering 
Receiving, Transmitting, Industrial and Special 
Purpose Valves, and Cathode Ray Tubes, it 
contains ratings, characteristic curves, basings 
and typical operating conditions of a large 
number of Ediswan Mazda valves in those groups. 


notes on valve symbols. 
Priced at a nominal figure, ud ot 1A 
it is excellent value. Send yMP 8 
Postal Order 1/4 (which piot 99-04%. 
includes postage and pack- RA Set 4 
ing) for your copy now. 


This booklet is a condensed version of the Ediswan Loose-leaf Valve Manual. 


THE EDISON SWAN ELECTRIC CO. LTD. 155 CHARING CROSS ROAD, LONDON, W.C.2 
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Safe 
Efficient 
Durable 


WHEREVER a portable source of high frequency energy is required — in the lamp and 
valve industries, in commercial and industrial laboratories —this Ferranti TESVAC 
vacuum tester ensures maximum efficiency of transmission through glass with minimum 
_ risk of puncture or shocks. Strongly-made of durable materials, its safety lies in the 
frequency output of 4 megacycles. 





[FERRANTI] 


a 
Ferranti Lid. ELECTRONICS DEPARTMENT, MOSTON, MANCHESTER 10 
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Providing technical information, service and advice 
to our products, and the suppression of electrical 


Electronic Engineering 


THE “BELLING-LEE” PAGE 





“ BELLING LEE” 


TELEVISION 


AERIALS 


to suit every pocket and every location 


id 


GROuP 7 


The new season’s range of ‘‘Belling- 
Lee’”’ television aerials comprises 
sixteen types for both the London and 
the Midland frequencies. 


They may be divided into four 
groups, (1) aerials for ‘‘ fringe ”’ areas, 
including a new beam; (2) a new range 
of lightweight aerials with 0.15\ spac- 
ing; (3) dipoles including the “ Vee- 
rod,’ and a new outdoor ‘‘ Twinrod ”’ 
and (4) indoor aerials including the 
‘* Doorod ”’ and the new ‘ Viewfiex.”’ 


Group (1) will be represented by 
the present robust ‘H’ type, and a 
new beam which can be seen at Radio- 
lympia. 

Group (2) up to date, all ‘‘ Belling- 
Lee’ television aerials have been 
designed to withstand repeated wind 
gusts of 100 miles per hour: because 
of this we rarely, if ever, see a 
‘* Belling-Lee ”’ aerial distorted. Now 
that the prices of television receivers 
are falling so rapidly, the prices of 
these exceptionally robust aerials are 
out of all proportion, and_ every 
device has had to be examined whereby 
a considerable economy could be 
effected. 


It is obvious that locations where 
100 m.p.h. gusts occur are limited to 
certain coastal areas, or exceptionally 
high and exposed inland sites, and 
representing a very small proportion 
of the total number of aerials sold. 
It is, therefore, not unreasonable to 
= why the many should pay for the 
ew. 


An obvious reduction in price can be 
achieved by saving material on certain 
types of aerials, but we must continue 
to manufacture a smaller quantity of 
the truly robust types which have 
made our name, and which will still 
be required for exposed areas. 


The elements of the new types will 
be reduced from 3} inch to % inch dia- 





of Arn 
sags = 
GROUP Il 
meter, and the distance between 


dipole and reflector will be reduced. 
This raises the old controversy of 
picture flutter in wind—}A v_ 4thd 
spacing, etc. Picture flutter is bound 
up with the rate of change of gain with 
separation of dipole and _ reflector. 
From zero spacing to }thd the gain 
rises rapidly, and thereafter falls slowly 
to about 1 db at }A. 


The effect of flutter may be demon- 
strated by anybody with the aid of a 
string on the tips of the elements, by 
which they are pulled while the pic- 
ture is being watched. There are two 
schools of thought, and we are ready 
to admit that we may have overratéd 
the appreciative faculties of the nublic 
who are obviously prepared to tolerate 
2 somewhat inferior picture in certain 
bad weather conditions. We are, how- 
ever, not going to reduce the spacing 
of our new aerials to 4th\ but 0.15). 
i.€., approximately 1/7thA; at this 
distance victure flutter is not likelv to 
be trovblesome as the curve depicting 
it is fairly flat between 1/7thd and 3). 
This allows us to reduce pole dia- 
meters from 2 in. to 13 in. and te 
supply lashings and cross-arms of 
lighter materials. © 


Group (8) requires little explana- 
tion except that the new “ Twinrod ”’ 
which might be described as_ the 
marriage of the ‘‘ Doorod’”’ and 
** Winrod ”’ for window sill mounting, 
and may be used either for broadcast 
or television reception. 

Group (4) includes the new ‘“‘View- 
flex’’ which is the natural development 
of the ‘‘ Doorod”’ as an all flexible 
dipole. 


BELLING ¢ LEE LTD 


| CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX., ENGLAND | 
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in relation 
interference 





“Wires that carry and re-radiate 
interference” 


We have got ourselves into 
trouble over this heading and we 
agree inat it is ambiguous. 

We certainly never intended 
to give the impression that relay 
operators fed an interfering 
signal on to their lines: they do 
not. We do say that any wire 
can pick up by induction, inter- 
ference radiated from another 
nearby conductor. This in turn 
can be re-radiated, and is some- 
times referred to as secondary 
interference. We know that relay 
authorities are most anxious to 
keep interference off their lines, 
and if they are told of any such 
interference will quickly take 
necessary steps to have it sup- 
pressed at source. 

















GROUP | 


a 


Rattle-free Car Aerial 


We will shortly be releasing the new 
‘* Belling-Lee’’’ car aerial which is 
absolutely rattle-free. It is stainless 
steel with streamlined collet grip at 
centre, and with streamlined insula- 
tors. This is a truly de-luxe model. 





The Mullard range of miniature valves 

on the B7G base (7-pin button base) 
. Offers special advantages where a saving 
: in space, weight and volume of equipment 
is desired. The mains and battery types 
listed below meet most requirements for 
miniature telecommunications receivers, 
industrial electronic equipment, and light- 
weight miniature measuring instruments. 


Mullard 


THERMIONIC VALVES 
& ELECTRON TUBES 
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TYPICAL CHARACTERISTICS 


















































Filament Va V2 Vzgi la gm Bb va Rx Ra | Pout 
No. Type or 
| Heater (Vv) {V) | (V) \(mA)|(mA/¥) (K2Q)| (2) |(K2)| (W) 
EY9I Half-Wave Rectifier 6.3 | 0.42 | 250 — | — | 75 res Segoe £4 
(max) (max 
EC9I V.H.F. Grounded-grid Triode 6.3 |0.3 | 250 — | -1.5/10 | 8.5 | 100 12 |} 150; — / — 
EF91 High Slope, Sharp Cut-off R.F. 6.3 | 0.3 250 250 | -2 10 7.65} 70 |1000 | — _ —_ 
Pentode (g!-g2) 
EF92 V.M., R.F. or I.F. Pentode 6.3 | 0.2 | 250 150 | 065 8 |/25 |— | om-j—-/]/—-{— 
EAC9I Diode Triode for Frequency 6.3 | 0.3 | 200 — | -28] 7.5) 28 36 |} 128); — |}—|]— 
Changing up to 300Mc/s 
EB9! Screened Double Diode—separate 6.3 | 0.3 150 —-i- 9 —folormo}rnrlr-fl- 
(6ALS) cathodes (max) (max) 
EL9! Output Pentode (1.4W Output) 6.3 |0.2 | 250 250 |-13.5) 16 | 2.6 ’ 2 130 | 680} 16 | 1.4 
gl-g 
ECC9I V.H.F. Double Triode (Physical 6.3 | 0.45] 100 —|— 8.5 | 5.3 38 7.1} 100; — | — 
(6)6) Common Cathode) 
og V.M. Heptode Frequency Changer 1.4 | 0.05 90 67.5; 0 1.6 | 0.3 — |}60 |}—;j-—-/]-— 
(gc) 
a V.M., R.F. or I.F. Pentode 1.4 |0.05; 90 67.5| 0 3.5/0.9 | — |500|—|]—]— 
DF92 Sharp Cut-off R.F. Pentode 1.4 | 0.05} 90 67.5] 0 | 3.7)10 | — |500|—]—]|{— 
gg Single Diode Pentode 1.4 | 0.05] 67.5 67.5); 0 1.6 | 0.625 — |600 | — | —]— 
a Output Pentode (0.27W Output) 1.4 | 0.1 67.5| -7 7.41158; — |100 | — 8 | 0.27 
wy A.F. or R.F. Output Pentode 1.4 | 0.2 150 90 | -8.4] 13.3] 1.9 — {100 |] — 8 | 0.7 
(audio) 
aoe Output Pentode (0.27W Output) 1.4 | 0.1 90 90 | -4.5] 9.5/2.15} — | 100 | — | 10 | 0.27 
DA90 R.F. Diode 1.4 | 0.15 | 330 —-_|i- 05;,—;,—-l]~mlnmtlo—tlo 
(1A3) (P.1.V. max)) (max) 
= R.F. Double Triode 1.4 | 0.22 — | -2.5)] 3.7/1.8 15 8.3) — | — | 2 
202! Gas-filled Tetrode 6.3 |0.6 | 400 0 | 46 80 — |20 |—)]—/]—-J-— 
(max) 
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The Deeper the Better ? 


WE have recently received a list 
of abstracts of technical re- 
ports from the Telsa National Cor- 
poration which now represents the 
Czechoslovak electronic industry, 
and one abstract in particular 
deserves more than a passing glance. 
It is entitled ‘‘ Underground 
Loudspeakers,’’? by Joseph Merhaut, 
and the author claims that water- 
proof loudspeakers of a new type 
developed by him, buried at a 
uniform depth below ground and 
spaced at regular intervals are 
ideally suited for installation at a 
sports stadium, where no obstruc- 
tion should be offered either to the 
free movement of performers or to 
the view of the spectators. 
Perhaps the author's more impor- 
tant claim is the elimination of the 
inevitable time lag associated with 


the usual public address system 
with a number of spaced loud- 
speakers. 

Now this problem of time delay 
is a very old one which can be 
solved to some extent by the ae 
ing of loudspeakers into a si 
unit, but it was all very forcibly 
brought to our attention again a 
the recent National Air Races at 
Elmdon, Birmingham, over the 
August week-end. Here in _ the 
public enclosures were installed at 
regular intervals a number of loud- 
speakers all pointing the same way, 
so that a spectator at the point 
where the visual interest was the 
greatest heard all the loudspeakers. 
The positioning of the speakers was 
possibly done in this way to prevent 
the commentary being overheard 
outside the aerodrome, but the 


result was, of course, that unless 
one stood directly in front of the 
nearest loudspeaker, intelligibility 
was practically non-existent and 
Charles Gardner’s breezy commen- 
tary was entirely lost. 

There may have been difficulties 
of which we are not aware in in- 
stalling a suitable public address 
system at Elmdon, and it is pos- 
sible that danger to low flying air- 
craft precluded the use of a 
grouped system of loudspeakers, 
but it is probably true to say that 
the listener at home had a clearer 
idea of some of the proceedings! It 
is not surprising therefore that our 
curiosity was aroused by _ the 
Czechoslovak article and we shall 
await the fulfilment of the author’s 
claim with interest. 
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A PROJECTION 
SYSTEM 


FOR DOMESTIC 
TELEVISION RECEIVERS 


To very real demand for larger 
television pictures for home 
viewing and for larger groups, such 
as clubs—to say nothing of cinema 
size pictures for public exhibition— 
sets a problem which has both tech- 
nical and economic aspects. 


Two technical solutions are avail- 
able—direct viewing using picture 
tubes of large screen diameter, and 
projection viewing using small tubes 
of very high screen brilliance. 


For domestic mass-produced re- 
ceivers a 15 in. x 12 in. picture 
at present approaches the upper 
limit for direct viewing on economic 
grounds, owing to the high cost of 
the glass envelope and also the size 
and cost of the cabinet. 


There remains projection viewing 
as an alternative. Projection tele- 
vision is not a new idea, but much 
research had to be undertaken be- 
fore apparatus in a form suitable for 
mass production was evolved. 


Mullard are now making, how- 
ever, available to set manufac- 
turers, samples of a projection tele- 
vision system giving adequate pic- 
ture resolution up to 15 in. x 12 in., 
and suitable for use by them in con- 
junction with most existing tele- 
vision receiver chassis. 


The equipment comprises three 
units :— 

1. A 2 in. diameter screen picture 
tube. 


2. An optical unit embodying a 
tube mounting, focusing coil and 
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deflector coil, and a folded 
version of the Schmidt optical 
system. 


3. A compact E.H.T. supply unit. 
The Picture Tube 


From the purely economic stand- 
point, the dimensions of the picture 
tube should be as small as possible 
consistent with adequate screen 
brightness and good picture resolu- 
tion, for then the optical enlarge- 
ment system will be correspondingly 
small and comparatively inexpen- 
sive to manufacture. Tube size, 
however, is governed by spot size, 
and this, in turn, depends upon the 
value of the beam current, which 
should be low, and the anode voltage 
and current density which should be 
high for minimum spot size. Limita- 
tions to these values are set by such 
practical considerations as_ tube 
life, safety, and manufacturing diffi- 
culties. 


The MW6-2 picture tube has 
a 23 in. diameter screen and is 
designed to operate at an anode 
voltage of 25KV. Operated at the 
recommended beam current of 
100 #A, the spot size is 58 # (0.0023 
in.). The tube is quite conserva- 
tively rated and can, if necessary, 
pass peak currents up to 500 H#A. 
The spot size is then somewhat in- 
creased, with consequent reduction 
in picture definition, but as this 
current corresponds to peak white, 
slight loss of definition can be 
tolerated. 


The tube is designed for electro- 
magnetic deflexion and focusing—a 
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decision taken mainly on the score 
of simplicity in gun construction but 
which also has circuit and perform- 
ance advantages, 


The design of the electrode assem- 
bly is, of course, governed mainly by 
consideration of beam size. Re- 
quirements are that the beam must 
be of such dimensions as to produce 
a spot of the required diameter, yet 
not so concentrated that mutual re- 
pulsion of the electrons produces 
blurring of the spot. Further, the 
beam at its widest diameter must be 
small enough to keep the electrons 
well clear of the tube walls and the 
anode when fully deflected; and 
finally, the I./V; curve must be 
sufficiently steep to allow the tube 
to be driven. by a normal video out- 
put valve. 


It has been possible to meet these 
requirements with a triode construc- 
tion. 


A sectional view of the tube is 
given in Fig. 1. An important 
feature is the spark trap—a ring- 
shaped electrode situated between 
the grid and the anode and con- 
nected to earth via one of the base 
contacts. Any discharge which 
might occur due, for example, to the 
release of a small amount of gas as 
the result of unintentional overload, 
will take place between the anode 
and the spark trap, thus avoiding 
damage to the cathode. 


The photo above shows 
external appearance of the 
MW6-2 picture tube. The external 
surface of the neck and cone is 
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Cathode Grid 
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Spark Trap 







Earthed Conducting 
Outer Coating. 














coated with a graphite prepara- 
tion, and must be earthed. This 
coating, with the glass envelope and 
the internal metallising of the tube, 
forms a capacitance of approxi- 
mately 300 pF which, with a 1 M2 


resistor in the 25 KV lead, serves as. 


the final smoothing for the £.H.T. 
supply. 

The most conspicuous external 
feature of the tube is the glass shield 
surrounding the anode _ terminal. 
This shield obviates risk of flash- 
over or leakage from the E.H.T. con- 
nexion to the deflector coils or to 
the graphite coating. 

As previously stated, the fluores- 
cent screen is backed by a metallic 
coating. The metal used is alumin- 
ium, which has the necessary high 
optical reflectivity and also a low 
atomic weight to permit easy pene- 
tration by the electron beam. The 
thickness of the layer is in the order 
of 0.4 micron. The metal is 
evaporated within the tube by con- 
ventional methods, and is deposited 
as a thin film on the rear surface of 
the screen and on the neck of the 
tube, to which has been previously 
applied a thin layer of nitro-cellulose 
to provide an even surface. 


The metal-backed screen has 
many advantages. In the first place, 
the metal coating reflects outwards 
a large proportion of the emitted 
light which would otherwise be 
directed to the rear of the tube. The 
increase in the output of forward- 
going light due to this feature is, 
under correct operating conditions, 
as much as 75 per cent to 80 per 
cent. The metal backing also elimi- 
nates the internal reflexions and 
screen irradiation which would 
otherwise result from the light 
directed towards the rear of the 
tube. Picture contrast is therefore 
considerably enhanced. 


A third advantage of the metallic 
coating is a substantial jmprove- 


Insulator for 
Extending the 
Leakage Path 
Between Anode G7 
Lug and earthed 

Coating. 


ment in secondary emission from the 
screen, thus avoiding the building 
up of a negative charge on the screen 
and improving the stability. Finally, 
the metallic film serves as an effec- 
tive ion trap as the negative ions, 
which would otherwise ultimately 
be responsible for ruining the screen, 
ps not able to pass through the 
m. 


The tube face is made from a 
special type of glass which is free 
from the discolouration so often 
occurring in tubes after a long 
period of operation at anode volt- 
ages above some 15 KV. This dis- 
colouration, which ranges in colour 
between purple, brown and_ black 
according to the type of glass, 
appears over the area on which the 
raster is formed, and is mainly due 
to the generation of soft X-rays re- 
sulting from the bombardment of 
the screen by the high-velocity elec- 
tron beam, 


The glass face of the tube is 
formed by pressing to the required 
convex radius to suit the restricted 
depth of focus of the Schmidt 
optical system, and this radius is 
controlled to a very high degree of 
accuracy. 


The Optical System 


The principle of the Schmidt 
mirror system for projection tele- 
vision is already well documented, 
and it will suffice here to remind the 
reader that it consists essentially of 
a concave spherical mirror and a 
** corrector plate.”” The spherical 
mirror concentrates the rays into a 
convergent beam, and the corrector 
plate is, in effect, a lens of special 
contour which compensates for 
spherical aberration and thus en- 
sures that all the rays reflected 
from the spherical mirror come to 
focus at the same point, whence 
they again diverge to give the en- 
larged image. 


315 


Spherically 
— Curved 






Fig. |. Sectional view 
of the MW6-2 tube 








Luminescent 
Screen. 


fe 


The version of the Schmidt mirror 
system here employed is shown in 
the diagram Fig. 2, and the com- 
plete optical unit in Fig. 8. The 
light emitted from the face of the 
picture tube is directed to the con- 
cave mirror, whence it is returned 
as a convergent beam to the plane 
mirror fixed at an angle of 45° to 
the direction of the beam. The 
light is reflected vertically by this 
mirror, and passes through the cor- 
rector plate, after which it can be 
projected to any desired type of 
viewing screen either direct, or, at 
some slight sacrifice of optical 
efficiency, further deflected by addi- 
tional mirrors to a screen in any de- 
sired position. 

It will be observed that the pic- 
ture tube projects through the centre 
of the first plane mirror. The loss 
of light due to the hole in the 
mirror and to interception by the 
face of the tube is practically the 
same for the corners as for the 
centre of the picture, and there is, 
of course, no interference from the 
coils and other components as these 
are situated behind the mirror. 


The arrangement of mirrors 
whereby the light path is “ folded 
up ”’ permits adequate picture mag- 
nification within a very compact 
space, and has an important bearing 
upon the overall dimensions, and 
therefore the cost, of the cabinet. 


The chief problem in designing the 
optical unit was the manufacture of 
the corrector plate to the desired 
degree of accuracy at economic cost. 
Production in glass by conventional 
grinding technique is a lengthy and 
costly process, and even moulded 
plastic lenses are expensive to pro- 
duce in moderate quantities. The 
technique ultimately adopted is 
moulding in gelatine on to a glass 
plate. A negative mould of 
exaggerated contour is used, with a 
gelatine solution of controlled con- 
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Fig. 2 (above). Diagram illustrating the Schmidt optical system 
Fig. 3 (below). Complete projection system with E.H.T. supply unit 


centration. Because the gelatine 
adheres firmly to the glass plate, 
shrinkage of the gelatine during 
drying is only in the direction of its 
thickness, and by controlling the 
concentration of the solution, cor- 
rect contour of the film after drying 
is assured. 

The sharpness of the image pro- 
duced by this optical unit with a 
gelatine corrector plate is extremely 
good, and is, in fact, more than ade- 
quate for reproduction of a 600-line 
picture. The durability of the gela- 
tine plate is comparable with that 
of a photographic negative. 





The E.H.T. Supply Unit 


Production of a 25 KV_ supply 
direct from the normal 50 c/s mains 
is uneconomic by reason of the large 
physical dimensions and weight of 
such a unit and its high cost— 
particularly the cost of insulation. 
In addition, the unit would in- 
herently be capable of a much 
greater output than the few hundred 
microamperes required for the 
cathode ray tube, so that operation 
at supply frequencies would involve 
considerable danger to life. 

Of the available methods of in- 
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creasing the frequency of the input 
voltage, that known as the “‘ pulsed 
oscillator ’’ system has been adopted 
for the Mullard projection television 
system. 

A very compact construction is 
achieved by the use of Ferroxcube 
for the transformer core, and of 
miniature rectifier valves Type 
EY5l. 

Fundamentally the unit comprises 
a blocking oscillator, a driver valve 
capable of withstanding high peak 
anode voltages, and a_ cascade 
voltage tripler rectifier circuit. 


The circuit diagram is reproduced 
in Fig. 4 and the complete unit is 
shown to the right in Fig. 3. The first 
valve, Type EBC33, is a double diode 
triode, the triode portion of which 
is connected as a blocking oscillator. 
The voltage on the capacitor of the 
R.C, network rises exponentially 
until the short circuit pulse from the 
EBC33 discharges it rapidly and the 
cycle repeats. The resulting volt- 
age, which has an approximately 
saw-tooth waveform, is applied to 
the grid of the driver valve, Type 
EL38. 

This valve is biased well below 
cut-off so that anode current flows 
during only a part of the saw-tooth 
input cycle. On cessation of anode 
current the energy stored in the in- 
ductive component of the anode cir- 
cuit causes the circuit to “ ring ”’ at 
a frequency determined by the in- 
ductance of the anode circuit tuned 
by all the stray capacitance. In 
the equipment under review this fre- 
quency is of the order of 25 Ke/s. 

The peak value of the oscillatory 
voltage can be derived from the 
energy equation. 





4Laio” = 4C)Vo" Co vvececcccccccecsere (1) 
Where: 
L. = inductance in anode circuit. 
io = instantaneous value of anode 
current at the moment of in- 
terruption. 
C, = total stray capacitance in- 
cluding that of the valve. 
Vo. = peak value of output volt- 
age. 
From the above equation 
i. 
V = lo Perrrrrrr ry y 
C, oe (2) 
and_ substituting practical values 


(ic = 100 mA; L. = 0.5 H and C, = 
50 pF) the peak voltage is: 


0.5 
Vo = 0.1 Vz x Jo = 10,000 V 
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The interruption frequency is given 
by the formula: 











Qio — Lalo 
La a Ware i tee (3) 
Whence 
a Va 
fi = Bed, srs staeretansensdaritre (4) 
Where 
1 


fi = — = interruption frequency 
T 


@ = anode current pulse ratio 


V, = permissible anode _ voltage 
drop. 
Substituting practical values (¢ = 
0.2; La = 0.5 H; lo = 100mA and 
V. = 250 V), the interruption fre- 
quency is: 
250 x 0.2 
f; = ———— = 1,000 c/s. 
0.5 x 0.1 
This is the value adopted for the 
repetition frequency in the unit 
under review. 


The peaks of the damped oscilla- 
tory wave trains produced by the 
driver stage are available for recti- 
fication and smoothing to give the 
D.C. E.H.T. supply. 


D 


Fig. 4. Circuit diagram of the E.H.T. supply unit 


The maximum voltage, as calcu- 
lated from formula (2) above is, 
however, somewhat limited as it is 
impossible to reduce Cp to much be- 
low 50 pF, while io is restricted by 
the valve used to about 120 mA and 
there are practical limitations to 
the physical dimensions of the induc- 
tor La, particularly where a very 
compact power unit is desired, 

The circuit is therefore designed 
to generate a voltage in the order 
of 8 to 9 KV which is applied to a 
three-stage voltage tripler rectify- 
ing circuit of conventional design 
using three EY51 half wave recti- 
fiers and producing a rectified out- 
put at 25 KV. 

It is essential that the 4&.H.T. 
power unit for the projection tele- 
vision system has good voltage 
regulation. Normally, good regu- 
lation demands a supply unit of 
low internal resistance, but it can 
be shown that, in a unit of the 
type described, the internal resis- 
tance is inversely proportional to 
the input power, and since the out- 
put power required is small, low 
internal resistance could be achieved 
only at very considerable sacrifice of 
overall efficiency. 


The problem of voltage regula- 
tion has, however, been solved in a 
simple manner by automatic regu- 
lation of the biasing voltage applied 
to the grid of the driver valve. 


An additional winding is provided 
on the “ringing” transformer, 
and the voltage induced in this 
winding is rectified by the diode 
section of the EBC33 and is then 
fed. via a filter network as grid bias 
to the driver valve. 


As a result of this feature the 
regulation of the £.H.T. unit is 
very good for outputs up to about 
175 4A after which it falls off 
rapidly. The regulation curve is 
reproduced in Fig. 5. This falling- 
off on overload is very advanta- 
geous as it protects the supply unit 
from damage in the event of short 


circuits, and also serves as an 
additional emergency safety pre- 
caution, 


The three units described form 
a complete system which, as pre- 
viously stated, can be adapted to 
most commercial television receiver 
chassis without major modification. 
One precaution, however, should be 
taken. If either of the time base 
units should cease to function, the 
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Vout(kV) 





° so 100 iso 


high-velocity electron stream will 
destroy the screen surface of the 
picture tube along a line which will 
be horizontal or vertical according 
to which time base is inoperative. 

There are many circuit devices 
which could be used as a safeguard 
and the choice will depend upon 
personal preference. A single ex- 
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Fig. 5. Regulation 
curve of the E.H.T. 
supply unit 
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ample, therefore, will suffice. From 
a few extra turns on both line and 
frame output transformers equal 
voltages are fed, after rectification, 
to the grid of a valve via a balanced 
network. Any change in the out- 
put of this network due to either or 
both time bases becoming inopera- 
tive results in a change of anode 
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current in this valve, and thus a 
change in the anode voltage. The 
anode of the valve is connected to 
the grid of the cathode ray tube, 
and the circuit is so designed that 
the variation of voltage due to time 
base failure is sufficient to bias the 
tube to cut-off. 

Samples of the Mullard pro- 
jection, television system are now 
available to setmakers. They 
reduce the problems of design and 
manufacture of a projection tele- 
vision receiver to the familiar 
ones associated with the direct 
viewing system, since the receiver 
circuit requirements are substan- 
tially the same, and the _ special 
problems of high voltage and optics 
are taken care of in the Mullard 
projection television system. 
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Lateral 


HEN strip material such as 
paper, fabric plastic, ete., has 
to pass through a machine during a 
manufacturing process, there is 
often a tendency for the web to 
move from side to side, with the 
result that the roll of material does 
not layer properly and the over- 
hanging edges hecome damaged. 
Lateral wandering also makes _ it 
difficult to run the material over 
rollers for printing. 
The difficulty, however, has been 





Control’ of Strip Materials by Photocells 


overcome by the Electrical Equip- 
ment Co. (Leicester) Limited, of 106, 
London Road, Leicester, with the 
aid of photo-cell equipment supplied 
by The General Electric Co., Ltd. 

The equipment consists of a 
slotted lamp and cell unit (see 
photo) with the lamp in the top 
half and two photo-cells in the 
bottom, the cells being masked so 
that light can fall on one, both or 
neither, according to the lateral 
position of the web passing through 
the control head. 

When the web is too far in one 
direction, both cells are covered, 
when it is correctly positioned one 
cell is covered and if it moves too far 
towards the opposite side neither 
cell is covered. 

These three conditions are used to 
control, via relays, two solenoids 
which move an idler roller sideways 
under the web and gradually edge 
it, if necessary, in the desired direc- 
tion. In the ‘“ neutral” position, 
when only one call is uncovered, 
neither solenoid is energised and the 
idler roller revolves with the web. 

Accuracy of control to within a 
few thousandths of an inch can be 
obtained in operation and correction 
starts immediately there is any 
deviation from normal position. 
The maximum standard correction 
is 2 in. of lateral movement, but 
for special cases, up te 12 in. can be 
arranged. 


The solenoids used for correction 
are D.c. operated and have a con- 
stant rating, with a linear pull 
throughout the stroke. Speed of 
operation is controlled by an adjust- 
able hydraulic damper of the self- 
filling reservoir type. 

A further adaptation of this prin- 
ciple is guiding the web from a 
coloured line. When printing paper, 
ete., it is often desirable to work 
from a printed line, as opposed to 
the edge of the web. 

This is controlled by the varying 
degree of light reflexion on the 
photo-cells, 1.¢., when light is 
reflected from white paper on one 
cell and from a coloured line on the 
other a similar position is arrived at 
as in the first case. 

In conjunction with this adapta- 
tion the equipment is so designed, 
that, instead of the roller moving 
the fabric from a fixed light head, 
the light head moves in a lateral 
direction on free bearing and follows 
the datum line. The equipment is 
designed according to the applica- 
tion. In the case of trimming, 
cutters are joined to the light head 
and trim the edge of the web at any 
desired position; secondly, a guider 
can be fixed to the head to ensure 
that plastic material in a semi-liquid 
state is guided back from the edge 
of the web to obviate spillage on to 
the roller, and wastage. 
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AN ELECTRO- 
MECHANICALLY 
STABILISED MAINS 
SUPPLY UNIT 


By A. E. Maine* 


ECENTLY in this laboratory 

the necessity arose for the pro- 
vision of some form of stabilised 
A.C. mains supply unit in order to 
meet the power requirements of a 
group of instruments whose opera- 
tion is adversely affected by fluctua- 
tions of the mains voltage. 

The characteristics of a suitable 
regulator were dictated not only by 
the large mains voltage variations 
experienced in the laboratory, but 
also by special features of the 
instruments requiring the regulated 
supply, as well as other factors. The 
main requirements affecting design 
procedure are listed below: 

(i) Output voltage to be regulated 
to within 1 per cent for loads up to 
a maximum of 1.5 KVA. 

(ii) To cater for voltage changes 
extending from -—15 per cent to 
+5 per cent. x 

(iii) To effect the necessary correc- 
tion in as short a space of time as 
possible. 

(iv) To introduce no additional 
distortion of the waveform, 

(v) To be robust in every way and 
capable of satisfactory operation in 
situations where high levels of vibra- 
tion are present. 

Consideration of the above led to 
the adoption of an_ electro- 
mechanical system, chiefly on 
account of the fourth requirement. 





* Vibration Dept., De Havilland Propellers. 
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Internal view of the Voltage Sensitive Unit. 


At this stage the basic arrange- 
ment of the regulator was laid down 
in broad outline, and—in common 
with the generally accepted form— 
was to comprise a voltage sensitive 
unit with output relays controlling 
a bi-directional motor geared to the’ 
brush-adjusting mechanism of a 
smoothly variable ratio transformer. 
The action is such that departures 
from the set voltage datum are 
detected by the voltage sensitive 
device and control the motor in a 
way that readjusts the transformer 
tap until the voltage is reset to the 
datum, and the system is once more 
balanced. Here it may be added 
that, as the power involved is com- 
paratively small, it is permissible 
for the variable ratio transformer to 
supply the load directly; whereas, in 
the case of a higher powered system, 
the familiar series booster trans- 
former would be employed for 
reasons of economy. 

The fifth requirement listed pre- 
cluded the use ofall fragile devices 
and components such as sensitive 
telegraph type relays, galvanometer 
movements, etc.; hence, an elec- 
tronic form of voltage sensitive unit 
was developed. This employs only 
standard radio type components and 
the mechanical layout is such that 
the whole unit is contained within a 
ventilated casing mounted on a 
standard relay rack panel 19 in. 
wide and 38} in. deep; an internal 


The thyratrons and relays are mounted on 
the raised chassis to the left and the bridge neons are approximately in the centre with 
associated controls on the panel below 


view of the unit is shown in the 
photograph above. The unit ex- 
tends behind the front panel for 
10 in. in order to line up with other 
instruments mounted in the same 
rack, no attempt having been made 
to reduce size to a minimum. 

The circuit diagram of the com- 
plete regulator is shown in Fig. 1. 
Considering the voltage sensitive 
device to the right of the diagram, 
this may be broadly divided into 
two parts—a neon valve bridge and 
a voltage sensing circuit employing 
gas triodes. 

The employment of bridge circuits 
containing non-linear elements for 
the detection of voltage changes is 
by no means new, and a bridge con- 
taining neon valves as the non- 
linear elements was selected for the 
purpose as this offered the pos- 
sibility of a large unbalance signal 
for a comparatively small change of 
input—providing at the same time 
the requisite stability for this type 
of apparatus. Also, the associated 
circuit is made quite simple as no 
signal amplifier and attendant com- 
plication is necessary. 

In order to provide the required 
sensitivity, the bridge, as shown, 
contains two neon valves in series 
for each non-linear arm, the resis- 
tance values being so chosen that 
the neons work under conditions 
of maximum stability at the 
regulating voltage decided upon, 
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Fig. |. Circuit diagram of the c plete 4 


with the bridge almost symmetrical. 

The supply to the bridge is 
obtained from a half-wave metal 
rectifier (W:) of adequate thermal 
rating and this is joined in series 
with the secondary of a step-up 
transformer whose primary is con- 
nected across the regulated side of 
the mains. The smoothing capaci- 
tor C: is made much smaller in 
value than that conventionally 
used, in order to remove an other- 
wise intolerable time delay. As 
may be expected, the supply to the 
bridge contains a pronounced ripple 
at the mains frequency, but as this 
is arranged to be in phase with the 
A.c. supply to the gas triode it is 
of no consequence as far as opera- 
tion is concerned. 

The action of the bridge, when 
supplied with pure D.c., is easily 
visualised in view of the fact that 
the neons may be considered to be 
constant voltage devices over their 
working range. It follows that, if 
the resistive arms are properly 
dimensioned, a condition of balance 
can be obtained for a suitable value 
of applied voltage; if this is subse- 
quently changed, the full magnitude 
of this change ‘is developed across 
the resistive arms and so appears 


across the ‘‘ signal ’’ corners of the 
bridge. 

In the case of the regulator, how- 
ever, the supply to the bridge, as 
stated, contains a pronounced ripple 
and this, by the action described, 
appears across the corners of the 
bridge. [t is necessary, then, to 
consider the bridge as_ balanced 
when the bridge signal contains no 
D.C. component. 

It is required that the signals 
from the bridge be capable of 
operating a pair of gas triodes in 
such a manner that correct 
‘* sensing ”* results; this is arranged 
by taking two signal feeds from the 
left-hand side of the bridge (RV;, 
RV:) with respect to a common 
point (RV;) at the right-hand side 
of the bridge and joining them to 
the appropriate terminals on the 
input to the sensing circuit. 

To clarify the operation of this 
part of the circuit, consider the case 
when the bridge is_ correctly 
balanced, as described, and all three 
bridge controls are set to their 
** upper ”’ limit of travel in the dia- 
gram. The resultant signal will be 
at mains frequency containing no 
D.c. component and both thyratron 
grids will be driven alternately 


positive and negative. If now the 
slider of RV: is lowered, the com- 
mon cathodes of the thyratrons will 
receive-a positive D.c. voltage which 
acts as negative bias on the grids. 
It is clear than that a point can be 
reached when only the positive 
crests are capable of initiating con- 
duction within the gas triodes. If 
now RV: and RV2 are both set to 
their mid-travel point, a further 
downward movement of RV: is 
required to re-establish the condi- 
tions just mentioned. Finally, if 
RV: is turned fully down, the 
negative bias on Vi: is decreased 
and so conduction commences 
earlier in the positive half-cycle, 
and if RV: is turned fully up 
V: is cut off altogether. As far as 
the operation of the regulator is con- 
cerned, these conditions represent 
balance at the particular regulating 
voltage employed. 

Now each gas triode has a relay 
connected in series with its anode 
and the contacts of these relays con- 
trol the corrective movements of the 
brush adjusting mechanism of the 
transformer T;. The contacts of the 
relay A/2 are “‘ break ”’ sets, while 
the contacts of the relay B/2 are 
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‘make ”’ sets. Referring to the 
balance conditions mentioned in the 
last paragraph, it will be apparent 
that at balance, as V: is conducting 
and V: cut-off, both sets of relay 
contacts will be open and the motor 
will not run. If now the mains 
voltage rises above the pre-deter- 
mined yalue as set in by RV:, both 
gas triodes are cut-off as the D.c. 
component drives both grids more 
negative; hence, the break contacts 
close and so the motor runs, re- 
adjusting the line voltage in the 
manner already described. Con- 
versely, if the mains voltage falls, 
the negative bias on both grids 
decreases, i.e., the grids are driven 
more positive, hence both thyra- 
trons conduct and the ‘“ make ”’ 
contacts close the circuit to the 
reversing side of the motor, once 
more correcting the line voltage. 


To sum up: with both thyratrons 
‘* on”? the motor raises the voltage, 
and with both thyratrons “ off ’’ the 
motor lowers the voltage; one valve 
conducting and the other cut off is 
the condition of balance, with the 
motor stationary. 

Before proceeding further, it is to 
be noted that the thyratrons are 
not used purely as marginal devices 
owing to their instability in the 
region of critical bias. With the cir- 
cuit values chosen, it 1s possible to 
set the standing bias at balance to 
the ‘‘critical’? +20 per cent on 
one valve and to the “‘critical’’ —20 
per cent on the other, and yet main- 
tain a_ sensitivity equivalent to 
1 per cent of mains input change. 
Changes of grid conditions outside 
these limits are not normally) en- 
countered. Maximum stability may 
be expected by employing only 
argon filled gas triodes, feeding 
their heater transformers from the 
regulated side of the mains, paying 
due attention to mounting and 
ventilation, and ensuring that the 
peak anode current is kept well 
below the maximum rating of the 
valve. 

So far no mention has been made 
of the type of drive motor employed; 
the characteristics of this unit are, 
of course, of prime importance to 
the operation of the regulator as a 
whole. In this particular case, the 
motor was specially designed for 
another apparatus, but has been 
found ideally suitable for this 
application as well. The motor 
employs the ratchet principle and 
bears many similarities to the Post 
Office type of uniselector mechanism 
and to other similar types of step- 
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ping relay. Essentially, it com- 
prises two electro-magnetic ratchet 
units mounted back to back in a 
single case with their respective 
drives coupled to a common shaft 
by means of an epicyclic type of 
differential gear. Thus, by energis- 
ing one or other ratchet unit, a 
forward and reverse drive is pos- 
sible. The motor, which by means 
of self-drive contacts provides its 
own current pulses, is D.c. operated 
and hence requires a rectifier in 
circuit with the mains supply; no 
smoothing is necessary. 

The available torque from the 
motor is constant under all condi- 
tions of load up to the stalling point 
and is independent of supply volt- 
age over the working range of the 
motor. However, the most attrac- 
tive features of the motor for this 
and similar applications are that 
the effects of inertia are eliminated 
—the motor starting, stopping and 
reversing immediately upon opera- 
tion of the associated relays—and 
also that the drive shaft is rigidly 
locked in position at all times when 
the motor is not running. 

‘Employing this drive unit in the 
regulator, recovery speeds of 600 
volts per minute have been reached 
with complete stability and_ still 
higher speeds are available. The 
effective suppression of transient 
changes is apparent when it is con- 
sidered that a 10 volts fluctuation 
can be corrected in one second. 


Referring once more io the circuit 
diagram, there are several practical 
points of some interest. All the 
relays used are of the P.O. 3000 type 
fitted with 62502 coils and, in the 
case of the control relays, suppres- 
sion components are connected in 
parallel with the operating coils to 
prevent back E.M.F.’s from _inter- 
fering with the operation of the 
thyratrons. 

The safety devices and monitor- 
ing circuit incorporated into the 
regulator are somewhat elaborate 
for this class of apparatus but, at 
the same time, it is considered that 
their inclusion lends to reliability 
and assists in servicing. The safety 
devices consist of fuses in all supply 
leads, limit interlock switches on the 
brush adjusting mechanism of the 
control transformer, a delay switch 
and associated relay (C/5) for pro- 
tecting the thyratron cathodes on 
first switching on and, finally, a 
slipping clutch in the gear train to 
the motor. 

_With respect to the monitoring 
circuits, an A.c. voltmeter is fitted 
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to the front panel with provision for 
reading either input or output 
volts and, in addition, there are 
five coloured lamps. Two of the 
lamps indicate the normal function- 
ing of the regulator, being con- 
trolled by auxiliary contacts on the 
motor relays; the third lamp in- 
dicates the expiration of the initial 
delay period, while the remaining 
two indicate the engagement of the 
transformer tap arm with either of 
its mechanical stops. 

The variable ratio transformer, 
the motor and gear unit and other 
auxiliaries, are mounted together as 
a common unit, connexion being 
made to the Voltage Sensitive Unit 
by way of a multicore cable. The 
motor unit is easily detachable and 
provision is made for hand control 
to be assumed in the unlikely event 
of breakdown. 


The initial setting of the regulator 
is facilitated by arranging all the 
bridge controls on the front panel 
in the form of screwdriver-operated 
pre-sets. Once set, RV: and RV: are 
locked in position and RV: is left 
unclamped to enable the precise 
value of regulating voltage to be set 
as required. Having adjusted the 
transformer primary taps on T: and 
T: and set RV; for a particular in- 
put. voltage, this may subsequently 
be changed merely by adjusting 
RV:. If the change exceeds 5 per 
cent, the transformer taps must be 
adjusted as well. 


With respect to general perform- 
ance, the regulator described has 
been in service almost continuously 
for some months and it has only 
been necessary to make a slight 
adjustment to RV: on two or three 
occasions. In each case the discre- 
pancies were small and are attri- 
buted to the ageing of the type 7475 
neons used in the bridge. During 
this running period mentioned, 48- 
hour recordings of mains input 
versus mains output have been made 
from time to time and in no case 
were errors found in excess of 1 per 
cent. The regulator is installed in 
a situation where _ considerable 
vibration is present, but this has not 
interfered with the operation in any 
way. 

In conclusion the author wishes 
to thank Mr. R, N. Hadwin, Chief 
Vibration Engineer of Messrs. De 
Havilland Propellers, Ltd:, who 
initiated the work, and also Messrs. 
De Havilland Propellers both for 
giving permission for the article to 
be published and for providing the 
photographic illustration. 
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Resistive Phase Shifters 


By J. E. BRYDEN, A.M.1.E.E., 
A.M.Brit.1.R.E. * 


AR ECENILY, many new applica- 
tions for phase comparison have 
appeared in _ telecommunications, 
particularly in radio navigation and 
remote position control. 


A remote-position-control system 
using phase comparison is_ less 
affected by changes in the trans- 
mission system than one using 
amplitude comparison. Frequency 
comparison involves greater com- 
ponent stability in the receiver to 
obtain a similar accuracy. An 
accuracy of 1° in 360° is adequate 
for many purposes. Neglecting the 
effect of transmission, this figure 
represents the practical limit of pre- 
cision for a simple servo system, 
part of which will be mentioned 
briefly. A_ resistive phase-shifter 
supplied from an electronic single to 
six-phase conversion unit of the type 
to be described was demonstrated at 
the exhibition of the Physical 
Society in April last year. 


There are three important classes 
of phase-shifter. The most com- 
monly used instrument has been the 
magnetic goniometer. This phase- 
shifter has been developed itor 
various frequencies, and it has been 
reduced in weight and size to mest 
airborne equipment requirements. A 
typical magnetic field phase changer 
weighs 8j oz. and has an accuracy 
of phase change of +}°. Higher 
accuracy is obtainable, but it is 
believed the limit is about +10’. It 
is inductive and careful design is 
necessary to avoid phase errors jn 
coupling the stator to an amplifier. 
Amplitude variations may then 
result in considerable errors of 
phase.’ The capacitance goniometer 
has been used for some special appli- 
cations involving high frequencies, 








* Research Laboratories of The General Electric 
Company, Limited, Wembley, England. 
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but it appears to be of limited use 
for low frequencies because of the 
difficulty in making the coupling 
impedances sufficiently small. The 
third class is the resistive phase- 
controller. The attractions are 
compactness, light-weight and easily 
attained accuracy of the order of 
+3° in its mechanical construction. 
The photograph. above, illustrates 
an experimental model weighing 
1.9 oz. It is housed in a drawn 
aluminium case, in which a long 
bearing for the control shaft is 
fitted. The surface, which supports 
the potentiometer, and the bearing, 
are machined after assembly to 
avoid eccentricity. The total track 
resistance is about 10,000 ohms. The 
most important details in  con- 
struction are concentric assembly 
of the track, the bearing of the 
wiper arms, and the driving shaft. 
The track must have a regular wind- 
ing and accurate angular positioning 
of the winding. The limit of accuracy 
is determined by the pitch of 
the winding. If precision manu- 
facture is required, it appears desir- 
able to avoid using specially shaped 
tracks and to make this simple 
phase shifter from a _ continuous 
resistance of toroidal form. Fig. 1 
gives alternative supply arrange- 
ments. There may be one or more 
wiper-arms positioned to give out- 
puts of various phase differences. 

If the track is not specially 
shaped, there will be a non-linear 
relationship between the output 
phase and the angle of rotation of 
the wiper-arms. Fig. 2 gives this 
theoretical relationship for poten- 
tiometers with a maximum of six 
tapping points. With six tap- 
ping points the discrepancy, 1°7’, 
is quite small. In the case of 
a remote position control system 
employing similar phase potentio- 
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meters for control and reset position 
identification, these errors have 
been eliminated by inserting a fixed 
phase shift of 90° in the reference 
channel. This corrects the quadra- 
ture condition that exists between 
the reference and control channel 
phases when the phase comparison 
discriminator is balanced. Thus 
both transmitter and receiver wipers 
are similarly disposed on the tracks. 


Fig. 3 shows the amplitude varia- 
tion as the wiper arm is rotated. 
This causes changes in sensitivity, 
and may sometimes be responsible 
for hunting in the servo. In some 
applications it could be removed by 
a form of A.G.C. 


There is no difference between the 
floating three-phase and six-phase 
potentiometers so far as ultimate 
accuracy of phase, and amplitude 
variations are concerned, but if 
several potentiometers are to be fed 
from the same multiphase supply 
the floating three-phase potentio- 
meter cannot be used. The effi- 
ciency of the six-phase potentio- 
meter is higher than the floating 
three-phase potentiometer. The in- 
put power is 2.5 db. less for a given 
voltage at the slider. 


Typical Applications 


An experimental servo system, 
using phase comparison between 
two channels at a frequency of 500 
c/s., has been built. The errors 


involved have been assessed as 
follows : 

(1) Potentiometer errors are 
within +1°. Improvements in 


design are now being made, which 
should reduce the error to within 


+] 


4 . 

(2) Total peak voltage of har- 
monics produced by the amplifiers 
and transmission system is 1 per 
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resistance change, and the tapping points are accurately spaced 


The tracks are wound for linear 
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cent of the fundamental. Under 
the worst conditions this could 
introduce an error of approxi- 
mately +3’. The error is intro- 
duced at the phase discriminator, 
and may be. reduced by a wave 
filter. 


(3) Errors in phase between the 
receiver and transmitter phase- 
conversion units are within +}°. 

Phase 1 0°. Phase 2 0°. 

Phase 3 —}°. Phase 4 0°. 

Phase 5 +4° Phase 6 0°. 


No special adjustments have been 
made to obtain this accuracy. 

(4) Sensitivity of the phase dis- 
criminator in resetting the position 


of the control motor +}°. 


In addition to these errors must 
be added phase shift due to circuit 
drift. Under normal conditions the 
total error was found to be within 
+23°. It is felt that improvements 
could be made which would bring 
the errors to within +1°, neglect- 
ing transmission errors, but with- 
out elaborate circuits. 


There are other possible applica- 
tions of the resistive-phase-shifter 
which may make use of it’s being 
sensibly independent of frequency 
over a wide range. Three of these 
are cited: 

(1) If a transmission circuit and a 
phase-shift unit are fed from the 
same frequency source, the outputs 
may be compared for phase, and 
the phase-shifter adjusted to give 
the same phase output as the cir- 
cuit under test. A  cathode-ray 
oscilloscope with the vertical de- 
flector plates connected to the out- 
put of the transmission circuit, and 
the horizontal deflector plates con- 
nected to the output of the phase 
shifter, makes a very satisfactory 


indicator. With a 5-in. diameter 
screen and a fine trace, the read- 
ability is about +}° 


(2) It is common practice to 
obtain a train of pulses with a fixed 
time interval between them, from 
a sinusoidal waveform, by limiting 
and differentiating. The onset of 
these pulses may be shifted in time 
by shifting the phase of the sine 
wave. This technique appears in 
multiplex telephony, radar range 
finding and associated test equip- 
ment. 

(3) If a.c. is applied to the anode 
of a gas triode the angle of flow of 
the anode current may be controlled 
by the relative amplitude and phase 
of the applied grid voltage. The 
range of control of the angle of 
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Fig. 3. Amplitude variations of the O-6 
voltage at the slider of various resistive 
phase shifters 


anode current flow is 0° to 180° 
for a similar range of phase at 
critical grid voltage. This method is 
due to Toulon’, and is used to con- 
trol the temperature of an oven, 
the speed of a D.c. motor and the 
output of grid controlled rectifiers. 
If a three-phase supply is avail- 
able, the resistive phase-shifter 
should be satisfactory for control- 
ling the grid voltage. 

When proportionality between 
phase and the angle of rotation of 
the wiper-arms is important the 
following’ is suggested as a simple 
method of approaching this require- 
ment with a minimum of precision 
mechanical engineering. 


Mechanical Correction of Error 


Fig. 4 compares the negative and 
positive phase errors with a sinu- 
soid of 1.12°.sin 6.9. It will be seen 
that they diverge by less than 8’. 


A mechanism for displacing the 
wiper-arms about the position of 
the driving shaft is shown diagram- 
matically in Fig. 5 (a) and (b). The 
displacement is also sinusoidal with 
rotation of the shaft. For one revolu- 
tion of the driving shaft ‘‘C”’ the 
gear wheel “B”’ is rotated six 
times, due to its meshing with the 
fixed gear teeth ‘““A’’. On the 
other side of the small gear wheel 
*““B”’ is an eccentrically disposed 
pin. As the eccentricity is small, it 
may be cut on a continuation of the 
shaft. This eccentric pin ‘E” 
engages in a slot which is fixed to 
the wiper-arm assembly. The bear- 
ings and shaft of the gear wheel 
“B” must be accurately made, 
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but the gear teeth do not require 
a high standard of machining. 


Single to Multiphase Conversion 


Fig. 6 illustrates one successful 
method of obtaining a _ six-phase 
supply from a single phase voltage.‘ 
Any number of output phases can 
be obtained by inter-connecting a 
suitable number of secondary wind- 
ings. The two stages provide an 
equal amount of power to the phase 
shifter. The first stage provides the 
in-phase current for a double-Scott- 
connected transformer. The second 
stage provides the quadrature cur- 
rent. Fig. 7 shows the basic circuit 
for obtaining the quadrature input 
voitage for the second stage. This 
method of obtaining the quadra- 
ture voltage allows adjustment for 
phase to be made without affect- 


ing amplitude. If the capacitor C 
is made variable the circuit is 
adaptable over a range of frequen- 
cies. The effective gain of the 
cathode follower of the second stage 
is corrected to unily by reduction 
in the turns ratio between .the 
primary and secondary of trans- 
former T2 compared with the ratio 
of transformer T1. A preset control 
for adjusting the secondary volt- 
ages of T2 is a desirable refinement. 
It consists of a 500 ohm potentio- 
meter connected across 5 per cent 
of the primary at the cathode end 
of the winding. 

Fig. 8 illustrates a method of 
indicating when the phase shift in 
the ‘‘ quadrature network ”’ is cor- 
rect. The connexions of the secon- 
daries of the transformers from the 
star point (earth) to phases 2 and 
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Fig. 5b. The displacement between driving 
and driven shafts in Fig. 5a. The actual correc- 
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and 6 may be likened to a phase 
discriminator. The peak voltages 
of these two phases will only be 
equal when a correct quadrature 
condition is obtained. Then the 
galvanometer will indicate zero 
current. 


Unless considerable care is taken 
in the design of the transformers, 
total errors in this circuit greater 
than 10° may be experienced. It 
has been found that the errors may 
be reduced to about 3° if the 
primary is sectionalised and the 
secondaries wound between the sec- 
tions. The primary should have a 
reactance of about four times the 
load resistance referred to the 
primary. Windings W: and W; 
must be wound to have a resistance 
half that of W: and Ws. The secon- 
dary windings should be disposed 
to have identical couplings with 
the primary. 


The total load resistance of the 
phase-shifter referred to one secon- 
dary winding of transformer T: is 
R/72, where R is the loop resis- 
tance of the track. The windings 
W:, Ws, Ws and We have an equal 
number of turns and W: is equal to 
W:. The ratio of W: to Ws is chosen 
to correctly load the valve. 

” = = where R, is the opti- 


mum load for the valve. The 
primary W: of the transformer T7:, 
has the same number of turns as 
W: less a number of turns to allow 
for the grid to cathode a.c. voltage 
drop of V2 


We. = W. = Wo = Wu = VB W,, 
in turns ratio. 


At the servo transmitter the 
phase shift between the input volt- 
age to V: and the secondaries of 
transformer Ti: is not important. 
The reference channel phase is 
obtained by a potentiometer con- 
nected across phases 2 and 3. At 
the receiver, and in other applica- 
tions where this phase shift must be 
kept constant, voltage feedback 
from a secondary of transformer 7: 
to the cathode of an _ additional 
amplifier stage preceeding V: has 
been found satisfactory. 

For remote position control, the 
difficulties in making the _ trans 
formers have been alleviated by 
identical design of the receiver and 
transmitter phase conversion units. 
The measured errors were quoted 
earlier. It is felt that for greater 
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Fig. 7. The basic circuit for obtaining the 
quadrature voltage for the second stage 
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Fig. 8 (above). Voltage relationships for the 
dary windings of transformers Ti and T2 





Fig. 9 (below). A method of appreciating the 

adjustment of the quadrature network by 

using the transformer secondaries as a phase 
discriminator 
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precision additional resistances 
could be added to correct each 
phase. 


In some cases, such as when there 
are large temperature variations, 
the temperature stability of C and 
R is important. A change in this 
time constant will cause errors in 
phases 2, 3, 5 and 6. In an experi- 
mental six phase convertor operat- 
ing at 500 c/s., R was a little over 
300 K ohms, and C was 1,000 pF. 
The capacitor was a high stability 
single plate silvered-mica com- 
ponent having a temperature co- 
efficient of less than plus 40 parts in 
10° per °C. The resistor was wire- 
wound and had a similar tempera- 
ture coefficient. This gives the tem- 
perature coefficient of phase at the 
quadrature position as less than 
0.01° per °C. 

An alternative circuit has been 
published recently.’ This has an 
input circuit giving a 45° advance 
for a first cathode follower, and a 
45° lag for a second cathode fol- 
lower. The cathode followers feed 
the primaries of the phase trans- 
formers. The effect of temperature 
on frequency changes is to rotate 
all the phases by the same amount, 
but an additional error is intro- 
duced by differential amplitude 
changes between the quadrature 
voltages. The total errors are 
about the same as for the circuit 
described here, but the circuit in 
Fig. 6 has a higher input: impe- 
dance, requires a lower input level 
and has half the number of critical 
phase shift components. And no 
phase errors are introduced in 
phases 1 and 4 by changes in the 
receiver ‘‘ quadrature network.”’ 
At least one setting which has a 
high accuracy of positioning is cften 
a desirable feature in remote posi- 
tion-control. 


It is suggested that the galvano- 
meter (Fig. 9) may be replaced by 
p.c. amplifiers arranged to control 
a motor which can automatically 
adjust R or C.° The whole circuit 
then becomes a network which will 
cause a specific phase shift indepen- 
dent of temperature and freqaency, 
within its range of operation. 
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The Fallacy of the Best 
Two Out of Three 


N scientific and engineering in- 

vestigations a single measurement 
of an unknown quantity is seldom 
considered sufficient. Two or more 
measurements are usually made in 
order to establish a check on instru- 
mental errors, operator’s errors in 
making readings, and the reliability 
of the sample. 

Three measurements are the mini- 
mum number that can reveal one of 
the measurements to be unreliable in 
a new experimental situation. Intui- 
tion suggests that if two of the three 
measurements are in close agree- 
ment while the third stands apart 
considerably removed from either of 
the others, then there may be 
grounds for suspecting and perhaps 
rejecting the third value. In terms 
of the difference between the two in 
good agreement, how different may 
the third measurement be before it 
should be suspected? Since this 
problem is important to all who 
make and interpret measurements, 
it is a little surprising that an 
answer has only recently been found. 

An approximate solution has been 
obtained in the National Bureau of 
Standards statistical engineering 
laboratory through an_ empirical 
study of triads drawn at random 
from a large group of measurements 
constructed to conform to the 
characteristics of a normally distri- 
buted set entirely free from any 
gross errors. The following table 
shows, for certain ratios, the results 
of an empirical sampling study of 
400 sets of three measurements com- 
pared with those predicted by the 
exact mathematical solution of the 
problem. 











Ratio of large to | Frequency |Theoretical 

small difference | in 400 sets | frequency 
 4.00r more... 149 145.2 
9D » w ose 76 69.4 
2, 38 33.9 











These results reveal that in an 
average of one out of every twelve 
sets, one of the measurements will 
be at least 19 times farther away 
from its neighbour than the differ- 
ence separating the two closest. 
Since in) every 12 sets one shows 
such a spacing for measurements 
with no gross observational errors, 
it appears that measurements that 
should be retained are often dropped 
from the records.—From the Tech- 
nical Bulletin, National Bureau of 
Standards (U.S.A.) 
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Distortion of Scanning Waveforms 


due to Inadequate Frequency Response 


7 designing mass-produced com- 
mercial television receivers, it is 
common practice to obtain a linear 
saw-tooth current waveform for the 
purpose of magnetic scanning by 
arranging that various distortions 
shall cancel. Since such apparatus 
is designed to operate under pre- 
scribed and fixed conditions this 
procedure is justified, but in the case 
of laboratory or transmitting equip- 
ment where independent adjust- 
ment of scanning amplitude and 
linearity may be required, it is very 


desirable that all circuit elements: 


should introduce minimum distor- 
tion. 

When magnetic scanning is used 
it is invariably necessary to use 
scanning current transformers in 
order to avoid using excessively 
large scanning coils, or, alterna- 
tively, valves with a very high 
emission. 

The problem of designing such 
transformers at line frequency is 
largely that of obtaining a response 
to high frequencies sufficient to per- 
mit of a rapid flyback. With modern 
transformer design this can usually 
be accomplished without much diffi- 
culty. At frame frequency the prob- 
lem is to obtain sufficiency response 
at low frequencies, and here the 
requirement is far more stringent 
since the low frequency response 
determines the linearity of the scan. 

In this article it is proposed to dis- 
cuss the requirements for a linear 
sean in general terms, and then to 
deduce the distortion that will result 
from insufficient bass response. 
Finally, suitable means of com- 
pensation will be discussed. 

General Requirements for Magnetic 
Scanning 


The most fundamental require- 
ment of a magnetic scanning system 
is that a linear saw-tooth current 
waveform should pass through an 
inductance without distortion. This 
can only be achieved in two ways: 
firstly, the current may be derived 
from a generator of infinite impe- 
dance, in which case it will be inde- 
pendent of the coil impedance, or 
alternatively a voltage waveform 
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derived from a zero impedance 
source, and proportional to the first 
derivative of the desired saw-tooth, 
may be applied across the coil, in 
which case the current through the 
coil will be of the required saw-tooth 
form, provided the coil is a pure 
inductance. Since it is easier to 
produce a current source with a rela- 
tively high impedance than it is to 
produce a coil and generator with a 
total resistance that is substantially 
zero, the former method is normally 
adopted. 

The natural choice of generator is 
a pentode valve. Fundamentally, 
the only requirement for linearity is 
that the design of the scanning coil 
shall be such that its impedance is 
low compared with the valve impe- 
dance at all the significant frequency 
components of the saw-tooth wave- 
form. Failure to comply with this 
requirement will naturally have the 
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Fig. la (above). 
Fig |b (below). 


Practical scanning circuit 
Equivalent circuit at low 
frequencies 
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greatest effect at high frequencies, 
since the coil reactance increases with 
frequency, and therefore the distor- 
tion will occur mainly during the 
fly-back period. Practically, for a 
given valve current the scanning coil 
must be sufficiently large to provide 
the ampere-turns product required 
for deflexion, and while the neces- 
sary compromise presents no diffi- 
culty, the physical size of such an 
inductance is normally considered 
too large to support around the neck 
of a cathode-ray tube, and a current 
transformer is therefore used in con- 
junction with a relatively small scan- 
ning coil. 

Assuming that an ideal trans- 
former is used, the conditions are 
virtually unchanged. The ampere- 
turns product of the scanning coil, 
and the inductive load presented to 
the valve will be unaltered, but in 
practice we can only approach the 
performance of an ideal transformer 
by making the primary open circuit 
impedance high compared with the 
referred load. The problem is, of 
course, no different from that in- 
volved in the design of an audio- 
frequency transformer used _ for 
speech currents, except that, as will 
be shown later, a different quantita- 
tive interpretation must be given to 
the requirement, “ ... high com- 
pared with the referred load,’’ if 
linearity of the saw-tooth is to be 
preserved. 


Practical Design 


In practice the output circuit of a 
typical scanning wave-form genera- 
tor will be of the form shown in Fig. 
1(a). At low frequencies the equiva- 
lent circuit will be approximately 
that of Fig. 1(b) where R- is assumed 
to include the transformer secondary 
resistance. 

Assuming a perfect pentode, 


that 
Ri s= 00 
and a transformer coupling factor of 
unity, whence, Mae 
M = VL L: 
we obtain for the’ secondary current 


so 








is = ecm 


Ls + Le 


VR. +0" * (Ls + Le)’ [san 
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V Les 
L. + L 


is the current transformation ratio 


which if Le<<Ls becomes Vi 


as is well known. 


The term 


The remaining expression on the 
right is the familiar complex factor 
which expresses the gain and phase 
characteristic as a function of fre- 
quency. This same factor expresses 
the voltage developed across the 
inductance of the circuit shown in 
Fig. 2(a). 
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Fig 2. Showing equivalent bass-loss circuits } 


(a) across inductance 
(b) across capacitor 























More generally we may write the 
factor in the form 


= Sh 1 
é | / tan” oT 
Vi + oF walt 


where T is the time constant of the 
circuit, and it will apply also to the 
capacitative circuit of Fig. 2(b). 
This form of expression is useful for 
the purpose of comparison with the 
transient response, which will be 
dealt with in the following section. 

In the case of a practical circuit 
tested in the laboratory, the values 
associated with the equivalent cir- 
cuit in Fig. 1(b) were :— 


Le=6 mH. R-=82 


Ls=50 mH. | o=675: 
L>=34 H. jImpedance ratio= 675:1 
Substituting the appropriate 
values in (2), where 
L- + Ls 
? = Page 9. Q-* 


R 


we obtain for the current attenua- 
tion at 50 c/s. 


1 


1 2 
— logog/ = (; x 10-* x 6.28 x si) 
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1 
= 20 logw / = 0.85 db. 


1.21 

Regarding the justification of ihe 
assumption made at the beginning 
of this section, the value of Ra was 
known to be greater than 300 K& 
which, compared with the referred 
load of approximately 5.4 K2, may 
justifiably be regarded as infinite, 
while the transformer coupling fac- 
tor was measured and found to be 
0.988. 

For many audio frequency pur- 
poses, a transformer introducing an 
attenuation of less than 1.0 db. at 
the lowest frequency limit would 
undoubtedly be considered satisfac- 
tory. In the following section we 


- shall see how the same circuit will 


affect the linearity of a 50 ¢/s. saw- 
tooth waveform. 


Steady-State Response of Network to 
Saw-Tooth Waveform 


In order to calculate how the cir- 
cuit of Fig. 1(b) will affect the 
linearity of a current saw-tooth 
waveform, we shall examine the 
steady-state response of the circuits 
of Fig. 2 to-an impressed saw-tooth 
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voltage. The characteristics of these 
circuits have been shown to be 
identical if in the latter case 
voltages are considered instead of 
currents. 

We shall consider a recurrent saw 
tooth waveform, one cycle of which 
is shown in Fig, 3, and which may 


be defined by :— 


4+] 
2 TJ] t=0 


For the purpose of analysis it will 
be convenient to consider the com- 
plete periodic waveform as the sum 
of two functions, one of which is 
continuous and may be written 


1. #}” 
Bo. ep 


and the other a series of unit steps 
commencing at times b, bh, t, etc., 
and which may be expressed sym- 
bolically as: 


taf 


=; aad 


n=0 

It will be seen from Figs. 4(a), 
4(b) and 4(c) that the sum of these 
two functions is equal to the saw- 
tooth waveform of Fig. 3, and by 
the theory of superposition we are 
entitled to consider the effect of each 
component separately. 

The response of the circuit of 
Fig. 2(a) to the first component 7 
given readily by means of Duhamel’s 
superposition theorem (see Appen- 
dix 1), from which we obtain: —- 


9 


in which @ is the reci- 
procal of the time con- 
stant, T. This is simply 
a negative-going expo- 
com- 


nential voltage 


mencing with a value 
of $ at t = 0 and falling 
to a steady-state limit 


of — 1/ar7, 


We shall 


der’ the second compo- 


now consi- 


nent with reference to 


Fig 4(b). 
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Fig. 5. 
ip=Primary Current 


The first step will give rise to 
a response voltage. 


rs at l 


in which Heaviside’s unit function, 
1, is included as a_ reminder 


that the voltage is zero for t<o. 
The second step will result in a 
voltage 


a(t — tl) 
: ] 
where again the 1 has been in- 
cluded as a reminder that nothing 
occurs until t>t, while for the 
third step we have 

— a(t — t2) 

; ] 


and so on. Thus, between the limits 
of t = t and t = t + 1, the total 
voltage at any instant will be given 


da 


al — a(t -- tl) a(t — t2) 
é e é oe 
o2 


t tn +4 
a(t tn) 
f 
BS tn 
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Showing distortion due to bass loss of | db. at 50 c/s. 


is= Secondary Current 


As successive steps occur at equal 
time intervals of 7 we may write 
tn as nt. Also changing the limits 


we may write 
t= 
a(tn + t) 
: 
t 7) 


in +1 


[. “| = tn 
— ant at 
—= @ é 
0 


whence 


—nhaTt 
€ ] bea (9) 


The sum of the power series to n 
terms is 


nat 
aTty l e 
lie einen (10 


For the steady state conditions we 
must put n = © 
and we obtain finally 


-a]". cas. _| i 
ee ya ae 


Adding the steady state term of 
(6) we obtain for the complete 
steady state response for one cycle 
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Fig. 6. Comparison between distortions resulting from 
Sass loss of | db. and 0.1 db. at 50 c/s. 
is(1)= bass loss of | db. (L/R= 7 millisecs. 
is(2)= bass loss of 0.1 db. (L/R 


23 millisecs, 


7 
— at 1 1 
e =/]e x | ————_ ] — —.... (12) 
0 0 aT aT 
l—e 


It is interesting to note that the 
form of the response is identical to 
that resulting from unit step over a 
period equal to one cycle of the 
saw-tooth, modified by a scale factor 
which makes the totalexcursion equal 
to that of the input saw-tooth, in 
this case unity. The added con- 
stant — 1/7 is, as would be ex- 
pected, of such value that the posi- 
tive and negative areas of the wave- 
form are equal, which may easily be 
verified by integrating (12) with 
respect to time. 

In the example quoted in the pre- 
vious section, the values were 


rns SM ee. Seinen 
"ak! gaa 
and T = 1/50 secs. = 20 x 10-* secs. 

In Fig. 5 one cycle of the steady 
state response corresponding with 
these values is shown plotted to- 
gether with the input waveform for 
comparison. The degree of distor- 
tion resulting from a relatively in- 
significant bass loss is somewhat sur- 
prising. 

In Fig. 6 an additional curve is 
plotted showing the distortion cor- 
responding with a bass loss at 50 
c/s. of 0.1 db. In order to achieve 
this result it would be necessary to 
increase the secondary inductance 
of the current transformer from 50 


ee 








330 





























Fig. 7. Two compensating circuits in simplified form 


mH to 180 mH, and the primary in- 
ductance to 120 H, and even then 
the departure from linearity is far 
greater than could be tolerated in 
any high grade apparatus. 

Instead of increasing the size of 
the transformer, a far more econo- 
mical procedure is to introduce some 
form of frequency compensation, 
and it is proposed to discuss suitable 
methods of compensation in the fol- 
lowing section. 

Methods of Compensation 


In order to obtain perfect com- 
pensation for the frequency charac- 
teristic of the circuit of Fig. 2(a), 
it would be necessary to introduce a 
network into some part of the cir- 
cuit which possessed precisely the 
inverse characteristic. Such a net- 
work would, therefore, have to pro- 
vide infinite gain at zero frequency, 
and with increasing frequency, a 
characteristic falling asymptotically 
to a finite gain, which would remain 
substantially constant over the 
greater part of the working band. 
While such an ideal network is un- 
realisable in practice, we may 
approach the ideal by means of 
either of the two fundamenal cir- 
cuits shown in Figs. 7(a) and 7(b). 
The circuit of Fig. 7(a) will provide 
a compensated voltage across an 
infinite impedance load, while that 
of Fig. 7(b) will provide a com- 
pensated current through a zero 
impedance load, and if 

RC = L/R =T 

the two circuits will have identi- 
cal characteristics. Both circuits 
operate on a similar principle, that 
is, by introducing, in the limit, in- 
finite attenuation which is reduced 
to zero as the frequency is reduced 
to zero. The gain characteristic of 
either circuit for the limiting con- 
dition may be written 


Tovah 


which, were it realisable in practice, 
would be the precise inverse of the 
characteristic expressed in (2) for 
which we desire to compensate. The 
degree of compensation we may 
achieve, therefore, depends entirely 
upon how much attenuation we are 
prepared to introduce. 

In practice, if it is desired to com- 
pensate for a loss of, say, 1.0 db. at 
the lowest limit of the working fre- 
quency range, it will be found 
sufficient to introduce a_ limiting 
attenuation for the higher fre- 
quencies of the order of 20 db., and 
the characteristic over the working 
band will be substantially the same 
as the ideal characteristic. 

To introduce a_ suitable com- 
pensating circuit into either the 
transformer primary or secondary cir- 
cuits is not only difficult but very un- 
economical, since additional current 
amplification would be required in 
order to obtain sufficient scanning 
current. A simpler procedure is to 
introduce the compensation before 
the distortion has occurred. When 
a separate current amplifying stage 
is used, the available input voltage 
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supplied from the saw-tooth generator 
is usually large and attenuation 
must necessarily be introduced in 
some form in order to prevent over- 
loading the current amplifying 
valve. In this case the compensat- 
ing circuit may be included as part 
of the attenuator without intro- 
ducing any additional loss. 

Figs. 8(a) and 8(b) show the two 
alternative practical forms of com- 
pensation. The circuit of Fig. 8(b) 
has an important advantage over 
that of Fig. 8(a) in that over the 
working band of frequencies the 
cathode is virtually not decoupled 
and, therefore, provides current 
feedback which not only reduces the 
distortion introduced by the valve, 
but considerably increases the valve 
impedance. This is, of course, true 
only if the degree of compensation 
at the lowest working frequency is 
small compared with the reduction 
in gain introduced by the cathode 
resistance. Adjustment of linearity 
is achieved simply by varying the 
resistance, R’. 

To take a practical example, sup- 
pose we wish to compensate for the 


distortion introduced by the cir- 
cuit of Fig. 1(b), with values 
as previously quoted. Assum- 


ing a mutual conductance of 6 
mA/V and a cathode resistance of 
3.17 K®&, the gain at high frequen- 
cies will be reduced to one- 
twentieth, i.e., a reduction of 26 db. 

The required size of compensating 
inductance (Fig. 8(b) will be given 


by 





L um Ls + Le am _3 
R' a 7. i 77 » f x 10 
whence 


L=7 x 3.17H = 22H approx. 
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Fig. 8. Practical forms of the compensating circuits of Fig. 7. 
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It is shown in Appendix 2 that the 
overall linearity obtained with this 
compensation will be equivalent to 
that which would have been 
obtained had the primary induc- 
tance of the transformer been in- 
creased from 34H to 665H. The 
maximum departure from linearity 
expressed as a percentage of the 
total scan will be of the order of 
2 per cent, and such small distortion 
has been found to be imperceptible 
by subjective tests, provided it is 
distributed smoothly over the whole 
scan, as is true in this case. 


Conclusions 


The most likely cause of distortion 
in an electromagnetic frame scan- 
ning system is bass loss in the scan 
of 0.1 db. at the fundamental com- 
ponent due to such a transformer is 


sufficient to cause serious distortion, - 


and for laboratory or transmitting 
apparatus considerably less attenua- 
tion must be achieved. It is un- 
economical to increase the size of 
the transformer beyond a certain 
limit and linearity is best obtained 
by means of bass compensation 
applied before current amplifica- 
tion. 


A suitable limit to the size of 
transformers may be decided by 
arranging that the sum of the secon- 
dary and scanning coil reactances is 
twice the sum of their total p.c. 
resistance at the fundamental saw- 
tooth frequency. The attenuation 
introduced by such a characteristic 
may be corrected by a relatively 
simple compensating circuit, so as to 
provide a scanning waveform that is 
fundamentally linear. 
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Appendix | 


The Duhamel superposition theo- 
rem states that: 


t 
=e Aes A(t—A) e'(A) dd 
oO 


in which :— 


A(t) is the indicial admittance of 


a linear network. 


f(e)=*- 


Flectronic Engineering 


is the time function of an 
applied voltage. 


E'(A) is the first derivative of e(t) 
with \ substituted for t. 


is the value of e(t) at t=o. 


e(t) 


e(o) 


1 at 
Substituting ? e for A(t) 


1 
and — [5 
2 


we have :— 


t 
R 1 —at 1 —at aX 
u(t) = — ae ——e e dx 
2R Rr (1) 
0 eee 


t 
{ -| for e(t) 
+. 


I hase ] at aX 
pals ae ee ©: GA. (8) 

2 7 

0 
[ 1 1 at 1 (3) 
a“ —— —f ¢@ = — ceeecoccecce 
aT 4 aT 

Appendix 2 


Referring to Fig. 8(b), if a per- 
fect pentode is assumed, the valve 
current may be expressed as 


: 1 

,= m eae eres YET Le TY Se ef 1 

’ “es 1 + gnZ ( ) 
where gm = valve mutual conduct- 
ance 

LR 
g< 
R' t joL, 


We are concerned with the fre- 
quency characteristic only, which 
may be written :— 





" R' + joL ’ 
f(*)= R' bs joL + jOLR' gm eeevece (2) 
Substituting T for L/R and 


rationalising gives: 


1 + ©F"(1 + R'gm) — joTR'gm 
1+ [°T(1 + Rgm)]’ 





In polar co-ordinates we have 








1+ [oT(1+ R'gm)] 


1+0°T° 1+ m > +07" R? es, 
H(o)= vf (1+ R'gm)] é 


©TR' gm 
1+ #°7"(1 + R'gm) 





/ — tan-’ 
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If the products R’gm and ©T are 
both large compared with unity we 
have in the limit 


o)= prea) + vF/ oe +e 
seiiseis <dantbincuaastioks (5) 


By substituting in (4) the values 
quoted in the section headed 
‘* Steady-state Response of Net- 


work to Saw-tooth Waveform ”’ 
which give 
yaa ae of Pace 


R' gm = 
we obtain for se normalised 
response of the correction circuit at 
50 c/s. 
f(*) = 1.0981 / _—23.2° 
The response due to the trans- 
former according to Equation (2) of 
the text is 


Key, re [ 208 


whence the overall response is given 
by the product 


aon 

(A) ot x = ‘ € a 

F()= HL (= + ogag | 245° ~ 28-2 
= .99973 / 1.25° 

This response is approximately 


equivalent to that which would be 

obtained with a bass-loss circuit as 

in Fig. 7 with a time constant of 

0.137 secs. The actual response of 

such a circuit at 50 c/s. would be 
-99973 / 1.8° 


and it is justifiable, therefore, to 
consider the latter as an equivalent 
circuit over the frequency range 
concerned. In order to obtain a 
similar result without compensa- 
tion, it would be necessary to in- 
crease the transformer primary in- 
ductance by a factor equal to the 
ratio of the time constants, i.e., to 
a value of: 


0.137 — 


H = 665 
7x 10- oH 


34 x 





assuming that the scanning cuil re- 
sistance was still predominant, and 
this would be quite impracticable. 

If the effective value of time con- 
stant is substituted in Equation 12, 
it is found that the overall steady 
state response of the compensating 
circuit to a saw-tooth waveform is 
such that the maximum departure 
from linearity does not exceed 2 
per cent. 
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ROGRESS in the use of valves for 

the linear amplification of small 
direct currents has resulted from the 
use of more and more stable sup- 
plies, together with various compen- 
sating devices to minimise the 
effects of changes in the external 
conditions. The degree of approach 
to the theoretical limit of sensitivity 
set by the thermal agitation noise 
of the input resistance depends upon 
the nature of the response which the 
amplifier is required to provide, and 
upon the impedance of the source. 
Before discussing valve amplifiers it 
is important to consider alternative 
arrangements, which may include 
valves used as impedance changing 
stages. This is because in many 
cases additional noise arises in 
amplifying valves, which makes the 
performance of a valve amplifier 
inherently inferior to that of a non- 
thermionic amplifier. It is possible 
to calculate the intensity of part of 
the noise introduced by the valves, 
but unfortunately, one of the 
important noise sources at low 
frequency, commonly known as 
‘flicker noise’’, described by 
Johnson’ and the subject of theoreti- 
cal treatment by Schottky’ and 
Macfarlane,’ has not so far been 
susceptible to calculation. One of 
the writers of this article has been 
concerned with a number of 
measurements of ‘“ flicker noise ”’ 
which will accordingly receive a 
more extensive treatment than is 
usual. One of the most successful 
systems for magnifying small direct 
currents is that developed by A. V. 
Hill,” who passes the _ current 
through a specially designed galva- 
nometer having a quick response 
und high mechanical stability. and 
magnifies the deflexion optically by 
means of a differential photo-cell, 
followed by conventional valve 
amplification. The residual noise of 
the arrangement is only 50 per cent 
greater than the thermal noise of 
the resistance of the galvanometer 
coil. This arrangement is limited by 
the damping of the galvanometer to 
use below about 100 c/s. as long as 
maximum sensitivity is required, 
and as the resistance of the coil can- 
not be made much more than 1,000 
ohms it becomes very inefficient 
when the current source has a high 
resistance. The latter difficulty can 
be overcome by interposition of a 
cathode follower between the source 
and the galvanometer, so as _ to 
match the source to the coil resis- 
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The Design and Limitations 


By 


tance. This expedient does not 
appear to reduce the performance 
appreciably. Apparently, the valve 
does not add more than the shot 
noise, which is made up of the sum 
of the grid current shot noise, and 
the anode current shot noise, the 
former being much the more impor- 
tant when a high impedance source 
is used. It is important then to 
keep the grid current at a minimum. 
There is no evidence that the 
cathode follower generates flicker 
noise; a cathode follower stage pre- 
ceding a direct coupled amplifier 
certainly does not impair perfor- 
mance. 


It is not proposed to discuss mag- 
netic amplifiers here, because they 
have been treated recently.’ It is 
relevant to point out that the limit- 
ing sensitivity of such apparatus is 
determined by the effects of thermal 
agitation on the magnetic properties 
of the core, in addition to the. resis- 
tance noise of the pick-up coil, which 
may be negligible. It is possible 
that a magnetic system could be 
developed, having a high sensitivity, 
approaching the theoretical, but no 
claims of this order appear to have 
been made so far. It is clear that 
the magnetic system will be limited 
in its frequency response, on account 
of the inductance of the coils. 


When it is desired to use a system 
capable of magnifying an E.M.F. de- 
rived from a high impedance, and 
having a frequency response up to 
several Ke/s., some form of valve 
cireuit must be used. The direct 
coupled amplifier is the most obvious 
example, but in the past so much 
difficulty has been experienced in 
obtaining a reasonable stability that 
the methods of interrupting the un- 
known E.M.F. at intervals, or revers- 
ing it, have been applied in order to 


























Fig. |. Specimen record of an amplifier output 
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obtain periodic readings for the zero. 
The frequency and duration of inter- 
ruption obviously must: be chosen 
so that the waveforms to be 
observed are not interfered with. 
In biological applications, where a 
waveform is to be observed, rather 
than a steady potential, it is not 
sufficient to couple the source and 
interrupter to a capacitor-coupled 
amplifier, because this would intro- 
duce a time constant which would 
distort the waveform following each 
interruption or reversal. The 
arrangement is useful, however, 
when a time integral, of the input is 
required, and it has been applied, 
for example, to amplification of 
thermo-electric E.M.F.’s. When the 
interruption system is applied to a 
direct coupled amplifier the result 
is not as simple as may at first 
sight be imagined. If the limitation 
to the stability of the apparatus 
arises in the first valve, and not in 
the source resistance, the ‘‘ zero ”’ 
read with input shorted (or discon- 
nected) is as much subject to fluctua- 
tion as is the reading with source 
present, and there is no justifica- 
tion for referring a reading on the 
output record at, say, A (Fig. 1), 
to either of the zeros, z or Z in pre- 
ference. It is only when the zero 
is subject to a continuous change 
which can be shown to be non-ran- 
dom that it becomes justifiable to 
join up the instantaneous zero read- 
ings to form a base line. 


Another expedient that is often 
met in the search to avoid use of 
direct coupled circuits is that of 
modulating a carrier with the un- 
known E.M.F. A simple and effec- 
tive method is to impress the E.M.F. 
on a small capacitor whose capaci- 
tance is varied periodically. This 
method is said to give good results 
if care is taken to avoid contact 
potentials between parts of the 
capacitor, but it is limited in scope 
by the frequency at which the capa- 
citance can be varied, which sets an 
upper frequency limit, and also by 
the time constant of the capacitor 
source (or grid leak) combination. 
Most other modulation methods use 
noisy components, i.e., valves or 
semi-conductor rectifiers, If the signal 
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to noise great ratio is to be kept as 
high as possible the signal applied to 
the modulator must be of great 
amplitude compared with the noise 
introduced by the modulator, so that 
the most difficult step in amplifying 
the signal must be taken before the 
carrier system is applied. As there 
is no special difficulty in amplifying 
the signal further, the use of a car- 
rier seems unnecessary, especially as 
it is liable to lead to non-linear 
response unless careful attention is 
paid to the design. 


We can now outline the various 
sources of noise and disturbance 
which have to be taken into con- 
sideration when trying to assess the 
minimum signal which can_ be 
observed with the apparatus, 


Sources of Random Fluctuations 


(1) Shot noise of the anode cur- 
rent, and partition noise. 

(2) Shot noise of the grid current. 

(3) Flicker noise. 

(4) Leakage and 
currents. 


positive ion 


Sources of Disturbance Related to 

External Parameters 

(5) Variation of anode supply 
potential. 

(6) Variation of heater tempera- 
ture. 

(7) Variation of temperature of 
components, 

(8) Microphony. 

(9) Pick-up of electro-static and 
electro-magnetic fields. 

A useful summary of sources of 
electrical noise, with many refer- 
ences, has been given by D. K. 
Macdonald.’ All the disturbances 
listed above are most conveniently 


expressed in terms of the equivalent . 


signal which would have to be 
applied to the input in order to give 
the same power output as the distur- 
bance. Difficulties arise when dis- 
cussing the noise produced in direct 
coupled amplifiers, for many, if not 
all, authors have arbitrarily separa- 
ted the fluctuations at the output 
into ‘noise’? and “* drift.”? The 
latter is attributed to the variation 
of some parameter, which, at least 
in theory, could be controlled. The 


plot of the output of the apparatus 
against time, instead of: fluctuating 
about zero, departs at a more or 
less constant rate from the original 
zero, and this is called “‘ drift.’’ The 
distinction is really quite arbitrary 
unless simultaneous observation of 
the source of the drift is made and 
shown to be correlated with it. In 
the event of the correlation existing 
it should be possible to eliminate the 
drift by feeding the variable factor 
into an appropriate point of the 
amplifier. When there is no corre- 
lation the ‘“‘ drift’? must be re- 
garded as noise of low frequency, 
and must be included as such when 
quoting the performance of the 
apparatus. The crucial figure in 
assessing the verformance is the 
mean square value of the departure 
from the original zero, taken over a 
long period. It can be argued that 
only by observation for an indefinite 
time can the true mean be found, 
but in practice an arbitrary time, 
long in comparison with the pro- 
posed duration of the experiments 
for which the apparatus is tc be used, 
has to be chosen. On account of the 
nature of the output the only satis- 
factory way to obtain a mean value 
of the output is to employ an inte- 
grating watt-meter, such as an ice 
calorimeter containing a resistance 
coil. 


The separate noise components, 
1-4 above, may be_ estimated. 


(1) The shot noise set up by the 
anode current can be calculated if 
a value for the space charge screen- 
ing factor G be assumed, (it is 0.01 
to 0.1 under normal conditions, .but 
may be higher if the valve is under- 
run). With an anode load of mag- 
nitude | Z| and valve amplification 
factor # the input equivalent to the 
shot noise of anode current In, in- 
tegrated in the band 0-f c/s. has 
mean square amplitude: (e = elec- 
tron charge) 


AV.’ = zetaf g & + [aly df 
oO # 4 


When a cathode follower stage is in 
question, with output impedance of 
magnitude |Zo| the equivalent input 
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is AVS = vets fo. Zol'df 


When a multi-electrode valve is used 
the shot noise is increased by the 
variable partition of the current be- 
tween the electrodes and for the 
amplifier the noise becomes equiva- 
lent to 


f 
: (GI. + Is) ae 
” | es ee canine | 
where Is is the 
(Bakker)’. 

(2) The shot noise of the grid cur- 
rent can be more serious than that 
due to the anode current, when the 
grid-cathode impedance is high and 
the system responds to low fre- 
quencies. There is no space charge 
screening. The mean square input 
E.M.F. equivalent to the grid current 
noise is 


AV = ze f Ad f 


« 


screen current. 





where |Z,| is the magnitude of the 
grid cathode impedance. In electro- 
meter amplifiers the effective band- 
width is fixed by the time constant 
of the grid circuit itself. Milatz and 
Keller,” Keller and Vesseur’ and 
Keller” have published results of 
noise measurements made under 
floating grid conditions, which show 
that the total noise intensity corres- 
ponds to the sum of the anode cur- 
rent shot noise, and a frequency 
dependent factor caleulable by 
taking the total grid current as 
twice the measured negative grid 
current. It does not follow that 
there was no flicker noise, for the 
latter has been found to have a 
value of 50-100 “V (Harris and 
Bishop)" and is concentrated below 
the lowest frequency at which the 
above measurements were made. 


(3) The authors of this summary 
consider that flicker noise originates 
in fluctuations of the contact poten- 
tial between the material of the 
heated cathode surface and the grid 
wires. The cathode coating is a 
semi-conductor, and the number of 
current carriers per unit volume is 
subject to statistical fluctuations, 
giving rise also to the current noise 
found in semi-conducting resistors,” 
and at the same time setting up a 
varying contact potential, which 
modulates the anode current. It is 
on account of the variation in con- 
tact potential with cathode tempera- 
ture that the anode current is so 
dependent upon the cathode tem- 
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perature. It is important to observe 
that in the cathode follower there is 
an automatic compensation which 
removes part of the flicker effect, 
because more current will flow to 
those parts of the cathode which are 
least positive with respect to the 
grid, and the product of the local 
extra anode current and the local 
cathode coating resistance repre- 
sents an E.M.F. which is in opposition 
to the flicker E.m.F. It is unlikely 
that any improvement in noise per- 
formance will acrue by application 
of the Miller” circuit, designed to 
reduce dependence of anode current 
on cathode temperature, for the 
fiicker noise arises locally and will 
not be subject to cancellation by use 
of two cathodes, or a common 
cathode. 

The intensity (mean square ampli- 
tude) of the flicker noise varies in- 
versely as frequency between 10- 
1,000 c/s., above 1,000 c/s. it is 
negligible.” Below some low fre- 
quency its intensity is supposed to 
be uniform. 

For most purposes we may take 
the integral between zero and 1 
c/s. as 2,500 (#V)’ noting that it is 
independent of the grid circuit im- 
pedance, but this value is subject 
to revision in the light of experi- 
ment. For the range 1-F cycles the 
integral is 


F 

[eves = 0.016 e n F’ »V* 

I 

for the best valves. These formule 
express experimental results, but 
make use of the fact that all theo- 
retical treatments agree that at 
some low frequency the flicker noise 
intensity does become constant, for 


nee Bis eae 
it is related to frequency as ler 
in which 7 is some characteristic 
time of disturbance, so that when 
(r! is small compared to unity 
the intensity ceases to be frequency 
dependent. 

(3) The other sources of noise 
originating in the valve, attributable 
to leakage current, and to the 
presence of positive ions depends on 
the processes of manufacture, and 
can be minimised by selection. 

Before passing on to the avoid- 
able disturbances, let us calculate 
the noise to be expected in two 
valve applications, one being the 
cathode follower unit referred to in 
the section concerning the use of the 
galvanometer photo-cell amplifier, 
and the other a valve amplifier such 
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as may be used in electro-biological 
work, with a high amplification, and 
an upper frequency limit of some 
5,000 c/s. For the electrometer 
cathode follower the following con- 
stants will be used: Rg = 10” ohm, 
grid capacitance C =5.10-" farad, 
anode current 0.01 mA, grid current 
10-" amp., screening factor of space 
charge 0.1. The thermal noise of 
the resistive part of the grid cir- 
cuit impedance, taking the upper 
frequency limit as that determined 
by the grid circuit itself is: 

xi kT 
AVe =4kT 4 (r.p. of z)df at 


which is 8 x 10-" (#V)’, i.e., 28 
HV r.m.s. The shot noise of the 
anode current developed in the out- 
put impedance, say, 5,000 ohms for 
a cathode follower with cathode 
load, is: 
AVsa’ = 2e1.G R.’ volts’ per cycle. 
So for a 1 cycle bandwidth, set by 
the circuit following : 

AV.’ = 7.5 x 10-" volt’. 
The shot noise of the grid current, 
set by the bandwidth of the grid cir- 
cuit is 


AY.” « ‘es df _ elcRs 
Vex = 2e] * [eae | ij = 2C: 


and for our conditions AVs," = 
1.6 x 10-* volt, so the shot noise of 
the grid current is the principal limi- 
tation and is 1.38 x 10-* V = 130 «V. 

For the second example, in which 
the valve is used as an amplifier, the 
following constants have been 
applied: amp. factor 10; R. 50K 
ohm; R 100 K ohm; space charge 
screening factor, 0.1; I, 10-* amp.; 
G 5 x 10-” farad; I; 10-° amp. and 
R. 6x 10° ohm (making the 
response half in power at about 
5,000 c/s.). 

The thermal noise of the grid resis- 
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tance AV,’ = CG = 8x 10-” volts’, 
i.e., 28 HV as before. 
The shot noise of the anode cur- 
rent, expressed as equivalent input 
1S 


AV.= = J (Rs + R)'dj 


= 8.6 x 10-" volts’ 
assuming a square 5 Ke/s. band- 
width in the anode circuit. The 
shot noise of the grid current is 
AYV.2= el. Re ” _n " 
oe a 9.6 x 10-" volts’. 
The flicker noise will be as much as 
50 #V, so it is now the factor which 

will limit the performance. 
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In addition to the specific effect 
of cathode temperature, the tem- 
perature coeflicients of the various 
components making up the appara- 
tus are of importance. 


General Design Features 


A wide variety of single stage cir- 
cuits suitable for coupling a very 
high impedance source to a sensitive 
galvanometer have been developed. 
Most of the methods of compensa- 
tion for changes in the external con- 
ditions which have been applied in 
such circuits have not, however, 
found application in multi-stage 
amplifiers suitable for working into 
a cathode-ray tube. The usefulness 
of an amplifier is so much enhanced 
by the possibility of displaying the 
output that a general purpose 
apparatus must necessarily include 
this feature. The design of direct 
coupled amplifiers is so much simpli- 
fied by the use of a balanced system 
that the remarks following will be 
almost completely concerned with 
balanced stages. It is a simple 
matter to convert an unbalanced 
input into a_ balanced signal 
by the use of a_ stage having 
a high impedance common cathode 
load. In addition to a discussion of 
general problems concerning circuit 
design, some remarks on the power 
supplies, valves and resistors may be 
of assistance. The following refer- 
ences contain descriptions of direct 
coupled amplifiers of the type con- 
sidered in this summary.””*"""* 


Stability of H.T. and L.T. Supplies 


When we are evaluating the neces- 
sary stability of the supplies which 
determine the effect of numbers 4-6 
in the list of sources of disturbance 
it will be necessary to ensure ihat 
the additional disturbance arising 
from the supplies is less than, sav, 
50 #V, for the cathode follower unit, 
and less than 20 “V for the ampli- 
fier. The necessary stabilities in the 
supplies as far as short term fluctua- 
tions (i.e., of periods shorter than 
10 secs.) is concerned, is relatively 
easy to achieve, and if alternative 
capacitor coupling is provided in the 
amplifier design the effect of supply 
voltage fluctuations should be re- 
duced to less than about 2 #V 
equivalent signal at the input. Long 
term stability in the power supplies 
is somewhat harder to achieve, but 
the standard required is some ten 
times less stringent. 

It has been found quite practic- 
able to obtain the necessary supplies 
from the a.c. mains. In order to 
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give some idea of the stability re- 
quired of the power supplies, some 
figures are given of the respective 
signals equivalent to a 1 volt 
change of the positive and negative 
supplies to an amplifier. It will be 
appreciated, of course, that these 
figures are relevant to a particular 
design and do not necessarily have 
any general application. The figures 
given are for an actual 1 volt change 
in H.T. and thus the signals equiva- 
lent to a smaller change (i.e., 7 mV 
and 1 mV) may be less than quoted 
as there is less likelihood of non- 
linearity. 














| Voltage Equivalent 
Supply H change | signal 
450 V_ positive IV = 300 Vv 
7mV = 2 pV 
105 V_ negative IV = 1.7 mV 
ImV = 2 pV 








As the supply to later stages need 
not be so stable it is often con- 
venient to apply special stabilisation 
to the potential required; for the 
first stage, the current requirement 
of which is very small. 

It has been found that the effect 
of changes in heater voltage for a 
balanced stage using 6J6 valves is 
such that a fluctuation of 13 mV is 
approximately equivalent to a 1 mV 
change at the input. This means 
that the L.T. supply must be stable 
to about 0.65 mV if the residual in- 
stability caused by it is not to ex- 
ceed 50 #V. This can only be 
achieved by the use of lead accumu- 
lators of large storage capacity and 
then only over a relatively limited 
time. The requirements can _ be 
eased by the use of the compensat- 
ing arrangements discussed later. 
As a sudden change in heater volt- 
age takes several seconds to effect a 
change in anode current the require- 
ments for the stability of the L.t. 
supply can be greatly lessened when 
alternative capacitor coupling is 
used in the amplifier. 

The Power Supplies 

Following what has been said, it 
will be realised that the practical 
performance of any design of direct 
coupled amplifier is ultimately de- 
cided by the stability of the power 
supplies. Those circuit arrange- 
ments which provide a self-stabilised 
system will, from equally good sup- 
plies, give the best performance and 
are to be preferred accordingly. 
Amplifiers with few stages can be 
operated from batteries, but in this 
event it is still necessary to pay 
attention to the temperature con- 
stancy at which the batteries are 
maintained. It is quite easy to de- 
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sign a high-tension supply which is 
stable to a millivolt provided the 
reference potential is stable and the 
shunt valve is heated from a stable 
source. If a gas discharge tube is 
used as a reference source it should 
be run at a low current, and resis- 
tance capacitance smoothing should 
be applied between it and the con- 
trol valve. A battery has a higher 
temperature coefficient than the dis- 
charge tube and if used as a refer- 
ence source requires temperature 
control to a fraction of a degree in 
order to maintain its E.M.F. constant 
to a millivolt. The temperature co- 
efficient of a dry cell is +0.0016 
volt per degree per cell in the range 
15° C. to 20° C. Thus a 120 V bat- 
tery will have a temperature co- 
efficient of the order of +100 mV per 

'C. Gas discharge tubes have a 
temperature coefficient of about 5 
mV to 20 mV per °C."; the value 
depends upon the type of tube, as 
does the sign of the coefficient. 
Special cells of low temperature co- 
efficient can be obtained, but for a 
high tension supply the reference 
potential should be at least 20 V or 
1/10 of the u.T. level, for otherwise 
the instability arising in the shunt 
amplifier valve on account of 
changes of contact potential in the 
valve become noticeable. 


The provision of a very stable 
source of heater current is difficult. 
It is most convenient to run a num- 
ber of low current valves (i.e., up 
to 150 mA) in series across an elec- 
tronically stabilised supply and this 
can be applied to most of the stages 
of the amplifier and to the shunt 
valve of the H.T. supply. Unfortu- 
nately when the 6J6 is used in the 
initial stages its higher heater cur- 
rent (0.45 A) precludes the use of 
this method and a 6 volt supply 
must be made. This can be obtained 
from an accumulator which is con- 
tinuously charged at a rate equal to 
its discharge rate. Even the charg- 
ing current requires stabilising for 
the acumulator E.M.F. is dependent 
upon the net charge rate. 


Valves 


There are several factors which 
bear on the choice of valves for 
direct coupled amplifiers. It is only 
the valve used in the input stage, 
commonly a cathode follower, or a 
suppressor controlled multi-grid 
valve used as an impedance trans- 
former, which must have a parti- 
cularly low grid current. Suitable 
valve types and operating condi- 
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tions are described later. For the 
early amplifying stages the best per- 
formance is provided by those valves 
which remain as balanced as pos- 
sible when the heater current varies, 
and for this it is best that twin 
valves, with a cathode shared be- 
tween the two assemblies, should be 
used. The 6J6 (ECC91) is an 
example, and another possible type 
is the UA55, which is a twin tetrode, 
The latter valve has the advantage 
that the p.c. balance of a stage can 
be obtained by varying the screen 
potentials, and it has a lower input 
capacitance. It is, however, more 
microphonic than the 6J6. It is also 
difficult to make reliable contact 
with the pins, a point which always 
requires attention. The high gain 
obtainable from the UA 55 allows an 
ampifier with a gain of about 75 db. 
to be made, using only two stages. 
The 12SC7 is frequently specified for 
use in direct coupled circuits. It is 
a twin triode, but the electrode 
arrangement is such that the two 
assemblies are one vertically above 
the other, and there is no reason 
why the performance should be 
superior to that when a valve with 
independent assemblies in one en- 
velope is employed. 

The following table of the average 
characteristics of 16 6J6 valves under 
operating conditions suitable for the 
early stages of amplification may be 
found useful. 








Vg | Va | gm MAIV | Ra 
—0.9V 30V iz 19000 
os 42V 2.5 13000 
ee 54V 3.3 10300 
—0.5V 30V 2.5 13000 
as 42V 3.0 11000 
” 54V 3.5 9400 











( To be continued ) 
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Evaporating and Sputtering Plant 


ly Angrapyy Model E.3 Evaporating / Plant. 
This is a completely self-contained unit 
comprising : Work chamber, exhausting 
system, vacuum gauges, discharge cleaning 
equipment, evaporating sources and 
controls, safety controls, auxiliary apparatus 
to suit particular application, e.g., work 
holder, radiant heaters, moving work- 
table, etc., operated through vacuum seals. 


The stainless steel or Pyrex glass work 
chamber is 46 cms. diameter by 60/75 cms. 
high and rests on a plated steel base. The 
pumping system consists of high speed 
diffusion pumps (500-1,000 litres/second oil 
of mercury operated) backed by a 10 litres; 
second mechanical pump. 


Robust and simply operated electrical 
vacuum gauges are fitted—a Philips type 
reading to 10° m/m Hg. for the work 
chamber and a Pirani type for checking pump 
performance and vacuum tightness. 

A typical time schedule for metallising 
glass mirrors in the Edwards E.3 Unit would 
be : Evacuation to 10-° m/m. Hg., 5 minutes; 
discharge cleaning, 10 minutes ; evapora- 
tion, | minute. 


Edwards S.5 Sputtering Plant. A self- 
contained unit for research or industrial 
sputtering of small objects. The glass work 
chamber is 24 cms. dia., and 17 cms. high. 
A 20 cms. dia. cathode (plated with the 
sputtering metal) is mounted on insulators 
and makes electrical contact with a chamber 
electrode when the cover is closed. The 
work is held under the cathode on a glass 
table having adjustable legs. A_ typical 
time schedule to produce opaque gold 
coatings is 2/3 minutes pumping to reach 
sputtering pressure, 15 minutes sputtering. 


W. Edwards & Co., 
Kangley Bridge Road, S.E.26. 
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A view of the stands in the centre of the hall, 
showing (foreground) a metal detector equip- 
ment and other Cintel exhibits. 


The Ferranti Servodyne 


PN electronic equipment, intended for 
use as a controlling medium for processes 
which require positive and precise control. 
The equipment is, in effect, a self-balancing 
servo-mechanism which will observe an 
error in any of several forms, and provide 
the necessary correction via the motor unit 
which supplies the mechanical output power 
of the mechanism. The input to the equip- 
ment depends upon the particular applica- 
tion it may, for example, be the small 
power derived from a photo-electric cell, 
the unbalanced power of a bridge circuit, 
the output of a piezo-electric crystal, etc. 
The equipment has been successfully applied 
as a web-guider on slitting machines in the 
paper converting industry, and a cloth-guider 
on pin-stenters in the textile finishing 
industry. 
Ferranti, Ltd., 
Hollinwood, Lancs. 


Metro-Vick. Miniature Oscilloscope 


OSSESSING all the facilities of a full-size 

oscilloscope, this instrument measures 
only 4} in. x 5% in. x 114 in. The tube 
(2% in. screen), has a green fluorescence, 
negligible afterglow, and a sensitivity of the 
order of per cm. Sharp focusing of 
the beam and the complete absence of 
astigmatism are notable features. One 
X-plate is brought out, permitting hori- 
zontal deflexion to be effected by means of 
an exterior source. The linear push-pull 
time base has a repetition frequency range of 
10 c/s. to 50 Ke/s., and provision for 
synchronisation. Also included is a single- 
stage amplifier with high frequency com- 
pensation, switched to select a gain of 
either 35 db. flat within + 1 db. from 
50 c/s. to 150 Ke/s. or 20 db. + 2 db. from 
50 c/s. to 3.5 Mc/s. 


Metropolitan-Vickers, Ltd. 
Trafford Park, Manchester. 
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The Fourth 


Manchester 


Electronics 
Exhibition 


The Fourth Annual Exhibition of Electronic Devices 
organised by the N.W. Branch of the Institute of 
Electronics was held at the College of Technology 
on July 19-21, 1949. A brief account of some of 
the exhibits is given below. 


Educational Valve Test Panel 


Ebi instrument (illustrated below) is 
designed for laboratory use to facilitate 
the plotting of valve characteristics under 
properly regulated conditions with D.C. 
potentials for the electrodes. 

It comprises an A.C. power pack, with 
voltage controllers, voltmeters and am- 
meters in each circuit. The valve-holder 
board contains fifteen valve holders, which 
can be wired to the power pack by means 
of a plug and socket system with retracting 
connectors. 

The employment of a single equipment, 
with built-in meters and power supplies 
saves times in wiring up and so enables more 
experiments to be carried out in a given 
time. It also reduces the risk of damage to 
valves and meters. 

The circuit diagram, which is shown on 
the front of the panel, ensures that the 
student understands the function of the 
equipment. 


Everett Edgcumbe & Co., Ltd., 
Colindale Works, London, W.9. 
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The Plessey-Electron Microscope 


HIS is a vertical two-stage electro- 
magnetic instrument operating at 50 KV 
and giving magnifications of 100 diameters 
and 400-20,000 diameters. The resolving 
power is better than 50 A.U., the actual 
resolution achieved varying with the type 
of specimen used in the customary manner. 
The seven major units forming the 
column are bolted together with machined 
metal flanges in contact, to provide a rigid 
assembly and minimise the effects of vibra- 
tion. Neoprene gaskets compressed 
between special contours machined in the 
metal flanges are used for vacuum sealing. 
The specimen under examination may be 
supported on a 200-mesh grid formed by 
etching holes approximately .003 in. square 
in copper foil, although other types of 
support are also commercially available. 
No additional support is required for certain 
powders and smokes, but other specimens 
may require an electron-transparent film 
between 100 and 1,000A.U. thick. Cellulose 
nitrate is widely used for this purpose. 

The specimen grid is attached to a 
cylindrical insert which is placed in one of 
two positions in the specimen holder, 
depending on the range of magnification 
required. The holder is introduced to the 
microscope column through an air lock 
fitted with two valves. 

By adoption of the ‘‘unit ’’ principle 
throughout the maintenance of the instru- 
ment has been much simplified. Both the 
vacuum system and the electrical system 
can be easily separated into a number of 
small units for individual testing. 

Height 8 feet 5 inches 

Floor area ... 3 feet 6 inches wide 

2 feet 4 inches deep 
Back clearance required 3 feet 6 inches wide 
| foot 6 inches deep 


The Plessey Company, 
Ilford, Essex. 


New “ Cintel ’’ Equipment 
Mutual and Self Inductance Bridge 


Ts bridge has a very wide range and 
high accuracy. Mutual and self induct- 
ance can be measured without complicated 
circuit changes, and the phase sensitive 
detector used ensures that the inductance 
and resistance controls are largely inde- 
pendent. Special circuit arrangements are 
made to eliminate the effect of the series 
resistance of leads and contact resistance of 
clips so that full use may be made of the low 
resistance ranges. Particular applications 
of the instrument include the measurement 
of the inductance of tuning coils, loading 
coils, transmission lines and cables and stray 
inductances in circuit wiring. Since it is 
sensitive down to 0.001 microhenries it 
is specially useful for the latter purpose 
in television and radar circuits. 

Range of Inductance Measurement: 0.03 
microhenries to 30 millihenries ; first 
scale reading 0.01 microhenries. 

Number of Ranges: 12. 

Range of Resistance Measurement: 0.003 
ohms to 3,000 ohms. 

Accuracy: -++ | per cent on all ranges. 

Frequency: 1,592 c/s. 

Power Supply : 100-250 V, 40-60? c/s. 
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This skeleton sketch shows the component 
parts of the Plessey Electronic Microscope. 


Microsecond Counter Chronometer 


This instrument is designed primarily for 
the accurate measurement of short intervals 
of time. It is used for the very accurate 
measurement of projectile velocities, landing 
speeds of aircraft, etc., and also serves as 
a frequency meter, pulse generator and as 
a simple counter. It consists essentially of 
an oscillator, whose frequency is accurately 
controlled, an electronic gate and six 
electronic decade counters. 

Initially the oscillator is operating, the 
gate is shut and all the decades are set to 
zero. On receipt of a start pulse the gate 
opens and the decades begin to count 
individual cycles of the oscillator. When a 
stop pulse is received the gate shuts leaving 
indication on the panel of the number of 
cycles executed by the oscillator in the time 
elapsed between the two pulses. 

Standard Frequency : | Mc/s. 

Range: | ys. to | second in steps of | ys. 
Accuracy: +0.01 per cent. + I us. 
Start and Stop Pulses: 10-40 V +. 

Other frequencies available are 100 
Kc/s., and 100 c/s., giving maximum timing 
ranges of 10 seconds, and 10,000 seconds. 
1,000 c/s. available to special order. 

Cinema-Television, Ltd., 
Sydenham, S.E.26. 
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Other in Brief 


‘*Caslam.”” A soft magnetic core material 

in three grades, with a finely laminated 
structure for use at frequencies from 50 c/s. 
up to at least 10 Kc/s., Grade | is a low- 
density material with a maximum per- 
meability of 860. Grade 2 is denser, with a 
maximum permeability of 1,000. Grade 3 
is similar to Grade | in magnetic characte- 
istics but has remarkable machining qualities 
and high strength. 
The method employed to determine 
engine speed is an integral count of the 
number of revolutions occurring in a stan- 
dard time-interval, derived from a 1,000 c/s. 
valve-maintained tuning fork. 


The Plessey Company, 
Ilford. 


Noteworthy Items 


Electro-Encephalograph Type OAI80A. The 
design of this transportable six-channel 
Electro-encephalograph conforms to the 
recommendations put forward by the 
Technical Sub-Committee of the E.E.G. 
Society. The equipment includes a fourteen- 
electrode headset with stand, three double- 
channel balanced amplifiers and a three- 
speed recorder carrying six signal pens 
and two marker pens. The main amplifier 
and recorder assembly is in the form of a 
wheeled desk-trolley with full provision for 
the storage of cables, accessories and spares. 


Potentiometer Test Set TF 776. A voltage- 
source calibrated in pH and millivolts for 
checking the scale accuracy, grid-current, 
input-impedance and temperature com- 
pensator efficiency of pH equipment. 


Marconi Instruments, Ltd., 

St. Albans, Herts. 

Acoustic Strain-Gauge, D-423-A. This 

robust instrument measures mechanical 

strain in structures in terms of the change in 

frequency of a vibrating wire. It is portable, 

and lends itself to measurements in exposed 
locations and on rough surfaces. 


Audio-Frequency Oscillator. Among the 
range of resistance-capacitance oscillators 
shown is the D-330-B., which covers 20- 
20,000 c/s. in three overlapping ranges. No 
reaction-control is necessary, and the output 
is constant within + | db. over the entire 
range. A built-in output attenuator and a 
reference-level indicator are fitted. 


Impedance Bridge, D-197-A. This versatile 
instrument is completely self-contained 
except for a pair of phones which are 
required for A.C. measurements. It is 
capable of measuring inductance, capacitance 
and resistance over a wide range with good 
accuracy. Other more specialised bridges 
are also displayed. 

Muirhead & Co., Ltd., 
Elmers End, Kent. 

‘* Avo”? Heavy-Duty Meter. A modified 
version of the ‘‘ Avo ’’ Universal Meter at 
1,000 ohms per volt. Cased in heavy cast- 
aluminium. Fitted with cut-out, mirror 
and 34 in. scale. 


Automatic Coil Winder Co., Ltd., 
London, S.W.1. 





338 


Electronic Engineering 


September, 1949 


A WIDE-BAND AMPLIFIER 


: is well known that the upper 
frequency limit of simple, choke 
compensated (series or shunt) 
amplifiers cannot be extended be- 
yond about 10 Mc/s., without con- 
siderable loss of gain per stage. 
This necessitates several stages of 
amplification when band-widths of 
this order are desired. 


The essential features of a wide- 
band amplifier are that it should 
give a _ constant amplification 
throughout the desired band-width, 
and also that either no phase shift, 
or a phase shift directly propor- 
tional to frequency, should be pro- 
duced. These considerations sug- 
gest the use of a low-pass filter net- 
works as the anode loads of the 
amplifying stages and a great deal 
of work has been performed during 
the last ten to twelve years upon 
this subject. 


This article deals with a _ two- 
stage, filter-coupled amplifier with 
a cathode follower output, and 
although no original principle is in- 
volved, it does show the poten- 
tialities of the filter coupling 
method, when used in conjunction 
with modern video - amplifying 
valves. 


The Filter Circuit 


Certain m-derived filters have 
an approximately constant impe- 
dance over a wide frequency range 
—the impedance being nearly equal 
to a pure resistance in the pass- 
band, and hence such a filter can be 
terminated by a resistance of the 
correct value without affecting its 
properties within the desired pass- 
band. 


A shunt derived 7 type filter has 
the above property when m = 0.6. 


A convenient form of filter to be 
employed in an amplifying stage is 
as shown in Fig. 1. 


The values of the constituent com- 
ponents of this filter network can be 
calculated (see Appendix 1) and are 
found to be given by the following 
expressions : 





Engineering, 


* Department of Electrical 
Manchester University. 


(100 c/s. to 20 Mc/s.) 


By J. C. PLOWMAN, B.Sc.(Hons).* 




















Fig. |. The Filter Network 
Ro 
LL) = [2:= Tf. and L3 = 0.3L1 
C0 = C1 = ice and 
~ WheRo 


C2 = 0.8C1, C3 = 0.58C1, 


where f- is the cut-off frequency of 
the filter. The actual upper fre- 
quency limit of the band-width of 
the amplifier is about 0.8 fe. 


When the filter is in circuit it is 
arranged that the stray capaci- 
tances of adjacent stages are utilised 
as the shunt capacitances of the 
filter—thus in effect C1 is fixed and 
the other parameter, from which 
filter component values are calcula- 
ted, can be either the upper 
frequency limit of the band-width, 
of the value of Ro. 


The Amplifier 


The amplifier is designed on the 
principles outlined above. Valves 
with high value of mutual conduc- 
tance (gm) are required. It is also 
necessary that these valves should 
have low input and output capaci- 
tances and desirable that they 
should have a wide grid base— 
particularly when more than one 
stage is employed. Valves type 
EF55 (Mullard) are very satisfac- 
tory. These valves are designed for 
video-amplifying, and although 
they have a rather high anode- 
cathode capacitance compared with 
the EF50 (Mullard), their high gm 


(approximately 12 mA/V) more 
than counterbalances this disad- 
vantage. 


An EF50 type valve connected as 
a triode is employed as cathode 
follower output stage, primarily 
because of its low input capacitance. 


In the construction of the ampli- 
fier it is essential to keep the stray 
capacitances down to an absolute 
minimum. It is _ necessary to 
measure the anode-earth capaci- 
tance of the first stage, the grid- 
earth, and then anode- earth 
capacitances of the second stage 
and also the input capacitance of 
the cathode follower. 


The anode-earth stray capaci- 
tance of the second stage (Fig. 2) 
is employed as C1 in the filter net- 
work, and the cathode follower 
input capacitance as part of CO—the 
remainder of CO being provided by 
small trimming capacitors from 
grid to earth. 


Taking, for example, a desired 
band-width of about 20 Mc/s.; an 
anode‘grid capacitance of V: = 
14 pF and an input capacitance of 
V: =6 pF. 


If Ro = 1,000 ohms then 


20 Mc/s. is approximately 0.8f- 
and thus the desired band-width 
will be obtained. 


The voltage gain of the stage 
will be :— 


gm X Ro=12 mA/V x 1,000 ohms= 12. 


The values of C2, C3, L1, L2, L3, are 
all easily calculated. 


The amplifier is constructed with 
consideration for low frequency 
characteristics, which it is not 
proposed to discuss in detail. Tt 
will suffice to note that phase shift 
is of primary importance at low 
frequencies and proper attention 
must be paid to the time constants 
of the grid, anode, cathode and 
screen circuits. Optimum condi- 
tions must be aimed at, for in view 
of the number of interdependent 
parameters it is not possible to 
achieve ideal low frequency com 
pensations in a practical circuit. 


The design of the first and second 
stages of the amplifier is similar, 
although component values in the 




















a, —_— = = = 


ree I 











September, 1949 


‘ectronic Engineering 


339 














ar 
mmm ne nconns jon mmo wnt 





















have 


8 











of 
laid 










ieee | 


















Cathode 
Follower 


ee 
eR icnedt atncs 
— 8 


Stray Copocitances 








fe 








filter network may differ slightly 
due to differences in stray capaci- 
tance. A padding capacitor of 
suitable value is: required across 
the cathode follower input, since 
the input capacitance of this stage 
is small compared with the anode- 
earth capacitance of the preceding 
stage. 

A circuit of a complete amplifier 
is shown in Fig. 2, and the overall 


frequency response characteristic 
in Fig. 3. 
The response of the cathode 


follower stage does not fall appre- 
ciably within the frequency range 
considered, provided that the input 
capacitance of any stage into which 
it feeds is not greater than 20 pF. 
Construction 


The amplifier may be built upon 
a chassis 12 in. x 7 in. x 23 in. 

There are two main points to 
observe in the construction :— 

(a) Low input and output capaci- 
tances must be aimed at, this being 
achieved by mounting the input 
and output terminals on paxolin 
strips, which are then fixed across 
holes of about 14 in. dia., in the 
ends of the chassis. 

(b) It is advisable to mount each 
filter unit on separate tag boards, 
which are then mounted on the 
underside of the chassis, supported 
about an inch from the base. 


Fig- 2. Wide Band Amplifier Circuit. 


The coils can be conveniently 
wound on 3” hollow paxolin tubing 
using 84 or 86 S.W.G. copper wire— 
the number of turns required can 
easily be derived from standard 
coil data. 


Conclusion 


The overall gain within the pass 
band (100 c/s. to 16 Mc/s.) of the 
amplifier is 88 db. The output falls 
by one db. at 17 Mc/s., and by 
3 db. at 18 Mc/s. 


Both stages are operated in Class 
A condition with an H.T. of 300 
volts (preferably stabilised). 


Thus we see that, by suitable use 
of modern valves in conjunction 
with filter networks, the upper 
frequency limit of wide band ampli- 
fiers can be considerably extendéd. 


The main use of such amplifiers 
is in the radar field when it is 
desired to amplify narrow pulses 
prior to application to a viewing 
tube or inspection circuits. 


The author wishes to thank Dr. 
R. Feinberg for his encouragement 
in the preparation of this paper. 
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Appendix | j 
Theory of the Filter Network 

The filter network as shown in 
Fig. 1 can be sub-divided into its 
constituent sections as shown in 
Fig. 4: 

ices: ae " C 
Where C’=C. —- - and C”’=C:— 2 

Looking into the filter from AB, 
we see the input impedance of a 
constant k,; 7 section. 

From EF looking into the end 
section, which is an _ m-derived 
half section, it can easily be shown 
that we again see the input impe- 
dance of a constant k, 7 section. 
This impedance can, by suitable 
choice of components, be made 
identical with that observed from 
AB and thus the sections are 
matched, provided the terminating 
resistance, Ro, is of the correct 
value. 

The correct value of Ro can be 
shown to be equal to the value of 
k, in the constant k sections, as is 
briefly indicated below. 

Consider the half section shown in 
Fig. 5: 

Looking from EF into the section 
and assuming an impedance Z, 
across GH, we see an impedance Zi’, 


where 
a = Zv(Za + Zs’) 
1 oe wae 


Similarly looking to the left from 
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GH—assuming impedance Z:’ across Li/G. 
EF, we see Z:= / 5 LC 
Lode’ » + eee 
Z =Z+ ; ye ee 2 / ; 
+ De ( Rhee erry ae (6) 
From these equations ; _ taf 
Z = “he 2 4 
Zv ae 
- of ree Se oie ae eae (7) 
ee Zato\ 1 —_,* yr oe 7nus>— 
, (a) Z =Input impedance of the 


Z and Z: known as ‘ image ”’ 
impedances. 

Now since the filter considered is 
an m-derived half section, then 
in terms of the constant K, proto- 
type filter, from which this section 
is derived we have: 


are 


2m - 
La. = : pee (4) 
j}(1 — m’)jols — j ae 
’ ° 
and init J EE atte aortas (5 


Substituting in the expressions for 
Z, and Z:’, we obtain: 





constant k, 7 section, as pre- 
viously stated. 


(b) Z:’ can be shown to be approxi- 
mately equal to n= k 
A 


throughout the major part of 
the pass band, when m = 0.6. 
k is resistive and thus when 


R= Fi 4 


lt can easily 





the filter is matched. 


on = for this 


cut-off frequency, fe = 


filter network, is given by :— 


be — that the 
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2 
w, = ; sive hie seen 
VLC 
(This expression is obtained from 
Z, or from the input impedance of 
a 7 section.) 

Now we have seen that the input 
impedance of a constant k, 7 sec 
tion is — from AB. 

This imped -_— is a by 


” -2=4/- L ¥ G ; 7 ti) 
iar = Zn G (,_%b 
50) 


Thus Z7 is not independent of 
frequency. 
_ However, if a small capacitor C’ 
is connected across AB, and, by 
consideration of the resultant im- 
pedance of Z7 and this capacitor in 
parallel, it is found that when 


(10) 


then the resultant input impedance 
is:—ZLin = k = Ro (11) 

It can also be shown that the 
phase shift varies linearly with fre- 
quency throughout the major part 
of the pass-band. 

The values of constituent compo- 
nents of the network are obtained as 
below. 


C:= 6: = a be and Cc” a mCi 
. 2 
Thus C:= Gi (1+m) 


9 


f= 3 and Ro = P| I 
VIC: C1 


Now 27 


Thus (Gi = ana and G=C: 
For optimum conditions m=0.6. 

1.6 ae ' 
Therefore C:= IT feRo =0.8C1 
Pre oer ek 


of the m 
have :— 


From consideration 
derived half section we 


(= O=™ ¢,=0.536, 
2m 
and L.= mL as 0.3K» 
« a 2 7 fe 


The filter network subdivided 








Cc Fig. 4 (left). 
—-4J-— into its constituent sections 
: Lu . lo ; L Fig. 5 (below). The m-derived ‘ half-section "’ 
A 4 1 
! ' port weeny 
c’ : ' 4 Cc peesens, Z olin 
Lt 28th TT Bags es 
: : : i oes 2o Wark 
30 iF seis sites 
' : F - Ee 
































| 





tio 
ins 


eit! 
cis 
mu 
Foi 
use 
or 

ins 


art 
out 
cal 
con 
sca 
En 
Th 
val 
ten 
me: 
hur 
resi 
ter 

alte 
ten 
regi 
hur 
its 

ope 
The 


feat 


* De 
Colle; 


(8) 
om 
of 


put 
ec 


(9) 


m 


ivided 


ition "’ 











September, 1949 


An Automatic 


By BRIAN 


N research work involving radio- 

active isotopes it is usually neces- 
sary to make frequent determina- 
tions of the rate at which a Geiger 
counter tube or other device 
generates voltage pulses in response 
to ionising radiations. In a typical 
case it might be necessary to detect 
pulses of a few volts amplitude and 
100 microseconds duration and to 
determine the ‘‘ counting rate ”’ over 
a range of perhaps 10 per minute 
up to several thousand pulses per 
second. An electronic pulse rate 
meter may often be used, particu- 
larly when the counting rate is high; 
but, owing to the random distribu- 
tion of the pulses in time, such an 
instrument is usually not convenient 
for use at low counting rates, since 
either the reading must be impre- 
cise or else the integrating time 
must be made inconveniently long. 
For a great body of work, therefore, 
use is made of an electronic counter 
or “‘ scaler ” together with a timing 
instrument such as a stop-watch. 

The instrument described in this 
article has been designed to carry 
out this timing operation automati- 
cally in conjunction with one of the 
commercially available electronic 
scalers developed by the Atomic 
Energy Research Establishment. 
These scalers embody two hard- 
valve scale-of-ten circuits; units and 
tens are normally displayed by 
means of neon lamps, while the 
hundreds are displayed on a non- 
resettable electro-mechanical regis- 
ter of the telephone call-meter type; 
alternatively, a scale switch enables 
tens or units to be fed into the 
register. The relay which drives the 
hundreds register is wired so that 
its contacts may be used for the 
operation of external apparatus. 
The timer embodies the following 
features :— 

(a) Hundreds of counts, minutes 
and seconds are displayed on 
three dial-type registers which 
may be rapidly reset by means of 
a key. The same key is used to 
reset the scaler neons. 

(b) The duration of an opera- 
tion may be preset in the range 
1 second—200 minutes. 
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(c) Alternatively, the number of 
counts may be preset in the range 
100-20,000 counts. 

(d) An operation may be ter- 
minated at any time by means of 
a press-button switch. 

(e) An alarm bell may be con- 
nected to ring at the conclusion 
of an operation. 

(f) A bell may be made to ring 
at intervals of 12.5 seconds or at 
intervals of 25, 250 or 2500 counts. 
This facility is useful when it is 
required to take continuous read- 
ings of a slowly changing counting 
rate. 

(g) The clock which is used to 
control the timing and drive the 
two time registers is a “high-grade 
spring-driven instrument provided 
with a pair of contacts closing 
every half-second. Alternatively, 
or in addition, an_ electrically- 
controlled stop-clock may be em- 
ployed. 





Fig. |. The complete equip 


t rack ted 
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Measurements 


HONOUR* 


(h) The complete timer equip- 
ment may be constructed for a 
few pounds from components cur- 
rently available in the surplus 
market. 

Fig. 1 shows a general view of the 
counting equipment rack with the 
timer panel at the top and the clock 
in its wooden box at the bottom 
right. Fig. 2 shows the timer panel 
and Fig. 3 is a plan view of the 
chassis, which includes an .c.- 
operated power supply. Referring 
to Fig. 2, the functions of the timer 
panel controls are as follows :— 

In the Scaler Out position the 
timer and scaler may be operated 
independently of one another. In 
the Scaler In position the scaler 
‘‘ hundreds out,’’ ‘‘ reset neons ”’ 
and start-stop circuits are linked 
with the timer and the timer is 
prevented from starting until the 
scaler key is on. 

System switch (S:, bottom right). 
In the position marked C the 
number of counts may be preset; in 
the positions marked Min and Sec 
the time may be preset. In the 
Selector Off position the count may 
only be terminated manually. 

Selector switch (S:, top right). 
This selects a uniselector contact 
which determines the duration of 
the count. It is permissible to 
alter the setting of this control after 
counting has begun. 

Reset key (Ss, bottom centre). A 
downward movement (non-locking) 
resets the scaler neons. In the up- 
ward position of the key the three 
dial pointers zero themselves, if not 
already reset, at a rate of one revo- 
lution in 2.4 seconds. On restoring 
the key to the central position the 
amber lamp in the centre of the 
panel lights up to indicate that an- 
other timing operation may begin. 

Start button (S:, on right of key). 
This is coloured green. Counting 
and timing begin when this button 
is pressed provided the amber lamp 
is alight (indicating that the dials 
have been reset), and provided that 
the scaler count key is on and the 
clock is running. The green lamp 
(immediately above the start but- 
ton) lights up on starting and re- 
mains alight until the conclusion of 
the count. 
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Stop button (S:, on left of key). 
This is coloured red and may be 
used in order to terminate a count 


at any time. Above this button is 
a red lamp which is normally alight 
except when timing is in progress. 
Clock and Register Circuits (Fig. 4) 


Both the clock and the dial-type 
registers are currently available in 
the surplus market; the Service 
nomenclature is Contactor, Master, 
Type 2 (24 volts) and Contactor, 
Remote, Type 4 (24 volts) respec- 
tively. The clock or master con- 
tactor runs for about seven hours 
at a winding and is provided with 
three terminals, namely :— 

(1) Half-second contact. 

(2) 24-volt thermostatically con- 

trolled heater (requires about 
3 amp.). 

(3) Common. 

A built-in filter provides inter- 
ference suppression at all three ter- 
minals. The clock is connected to 
the timer through pins 1, 2 and 3 of 
a five-pole socket (SK: or SK:, see 
Fig. 4). This socket is duplicated in 
order to provide for simultaneous 
connexion of an_ electrically-con- 
trolled stop-clock if desired; the stop- 
clock solenoid is connected to pins 4 
and 5 for operation on a break-to- 
start and make-to-stop basis. 

The control circuits are described 
below and it will suffice for the 
present to state that after the Start 
button has been pressed the first 
earth pulse provided by the master 
clock at pin 1 of SK: or SK: is utilised 
to operate a relay trigger circuit; 
this causes relay contacts SS: to 
close at the trailing edge of the pulse 
and to remain closed for the duration 
of the count. The solenoid of relay 
HS (1,000 ohms, 4 contact units) is 
consequently energised through the 
clock half-second contacts while 
timing is in progress. Contacts HS, 


of relay HS are connected across 
SS. in order to prevent clipping of a 
clock pulse 
“* stop.” 
The three registers (see Fig. 4) 


when SSsz 


opens at 
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Fig. 2 (above). 
Timer control 
panel-switches set 
to stop count 
after 3 minutes 


Fig. 3 (right). Plan 

view of timer 

chassis with relay 
cover removed 


are fitted with 200-ohm solenoids 
and operate their pointers through 
wheels having 120 teeth; hence 
the seconds register makes a 
complete rotation in one minute 
when operated from the contacts of 
the master clock. Movement of the 
pointers takes place at the leading 
edge of the energising pulse. The 
registers, as supplied, are fitted 
with a pair of cam-operated contacts 
which make over one quadrant of the 
dial. For homing purposes each 
cam was replaced by an insulating 
disk of the same diameter bearing 
silver segments disposed so as to pro- 
vide a circuit between two silver 
brushes at the zero position of the 
pointer only. The seconds register 
was provided with an additional 
segment and brush (marked ‘‘min’”’ 
in the diagram) providing a circuit 
to earth in the 119th position of the 
pointer for operation of the minutes 
register. The circuit is such that 
the brushes never carry current at 
the moment of break. 

The reset key utilises six change- 
over contacts (S6/1 - 6) for homing 
the registers in the upward position 
and one make and one break con- 
tact (S6/7 - 8) for resetting the 
scaler neons in the downward (non- 
locking) position, In the normal (i.e. 
central) position of the key the two 
time registers are operated from the 
main 50-volt p.c. supply through 
200-ohm dropping resistors. The 
hundreds register is permanently 
connected to one side of a 240-volt 
half-wave rectified supply with a 
32 #F reservoir capacitor and an 
ordinary 230 V 40 W incandescent 
lamp as dropping resistor; this 
arrangement reduces the resolving 
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time of the hundreds register to 
approximately 15 m.sec. when it is 
actuated by a suitable driving cir- 
cuit. When all three registers are 
zeroed and the reset key is in the 
normal position there is a circuit 
from the point marked “‘X”’ in Fig. 4 
to earth by way of the register 
‘‘ commutators ’’; this circuit is 
utilised in order to light the amber 
‘‘ ready ”’ lamp and also to render 
the start button operative. 

When the reset key is raised the 
three registers are connected in series 
with one another and with the 
240 V_ half-wave supply; simul- 
taneously each solenoid 1s connected 
with the appropriate homing brushes 
and the smoothing action of the 
32 #F electrolytic capacitor is re- 
moved by the operation of S6/6. 
The dial pointers move simul- 
taneously at a rate of 50 impulses 
per second and each pointer stops 
dead in the zero position when the 
associated solenoid is shorted out. 
Successful operation of the registers 
in this manner depends not only 
upon the reduction in L/R afforded 
by the high series resistance but also 
upon the careful adjustment of the 
pawl-stop and_ back-stop’ grub- 
screws. Moreover, it was found 
necessary in most cases to make the 
air-gap at ‘‘ make ”’ adjustable by 
means of an additional screw tapped 
through the armature. The registers 
were further modified by fitting en- 
larged dials of Bristol board with 
clock hands and ‘‘ Perspex ”’ rims 
and covers. 

In the downward position of the 
reset key an earth is applied to 
terminal PL: which is connected to 
terminal No.2 on the scaler to reset 
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Fig. 4. The clock and register circuits. 


Clock socket: 


the neons. Simultaneously the con- 
nexion to the scaler ‘* hundreds ”’ re 
lay via terminal PL; is broken by 
S6/8, thus preventing the unwanted 
operation of the hundreds register. 

When timing is in progress relay 
HS is energised at half-second inter- 
vals by the clock contacts as stated 
above. The arrangement adopted 
for generating the minute impulses 
requires that the movement of the 
seconds pointer should be delayed 
until the trailing edge of each clock 
pulse is reached; this is effected by 
means of relay DY (500 + 500 ohms, 
3 contact units) in the following 
manner. DY is energised when con- 
tacts HS, are at “‘ make’, DY, then 
closes and this makes DY slow to 
release. At the trailing edge of the 
clock pulse HS. goes back to the 
** break ’’ condition, but DY: re- 
mains at ‘‘ make” for a_ short 
additional period during which the 
seconds register is energised. 

When the seconds pointer reaches 
the 59} seconds position an earth 


appears on the minute brush of the " 


seconds register and consequently 
when HS again operates the minutes 
line is earthed through HS. in syn- 
chronism with the clock contacts. 
Due to the delay in the operation of 


Pin |\—!-second contacts Pin 2—Heater 
Switches: S,—System switch S;—Main switch S,g—Reset key. 


adeoteagaaay marked PL are on a 10-way terminal strip for external connexions) 


Pin 3—Common 


the seconds register this earth pulse 
is not interrupted by the movement 
of the seconds ‘‘ commutator.’’ 

The system switch (S,) is wired so 
that the hundreds register is 
operated by the scaler ‘‘ hundreds ”’ 
relay except when the number of 
counts is to be preset. In the latter 
condition the scaler relay energises 
relay UR; this has two heavy-duty 
contacts, one of which operates the 
register while the other operates 
the uniselector. 


Pulse-Counting Circuits (Fig. 5) 


The basis of the pulse counting 
circuits is a standard eight-bank 
uniselector with two 37.5-ohm coils 
wired in series for operation from 
the 50 V p.c. supply line. In addi- 
tion three relays are employed in 
order to raise the counting capacity 
of the uniselector from 50 to 200 
pulses; these are the relays BA, BB 
and BC in Fig. 5. 


In the “stop ”’ condition of the 
timer, which holds when the appara- 
tus is first switched on or im- 
mediately after the conclusion of a 
count, relay contacts RS. and RS: 
are closed and the uniselector is con- 
nected through its jnterruptor con- 
tacts to the homing banks (7 and 


ins 4-S—Stop-clock solenoid 


Note : S,/1-3-5 should make before S,/2-4-6. S, is ganged to a D.C. toggle switch in the A.C. mains supply. 


8); this causes the uniselector to 
home automatically. 

When the start button is pressed 
RS and RS; open and SIs closes 
shortly afterwards; the uniselector 
is then operated by relay contacts 
UR: which are closed by the half- 
second, minute of count pulses in 
accordance with the setting of the 
system switch. 

The numbered, terminals at the 
top of Fig. 5 are connected to the 
selector switch (S: in Fig. 6) and 
this switch connects one cf them to 
the relay trigger circuit. it is the 
function of the uniselector to pro- 
vide a circuit between the trigger 
and one of the points marked A, B 
and C, in Fig. 5 when the Nth pulse 
is due to arrive (where N is the 
number of pulses to be counted). 
Relay contacts SLs open at the lead- 
ing edge of the pulse operating the 
trigger circuit, so that the almost 
simultaneous closure of UR: causes 
no movement of the uniselector at 
the Nth pulse. This means that 
when only one pulse is to be counted, 
as when the time is preset at one 
minute, the wipers do not move 
from their starting position and the 
sound of the uniselector homing is 
not heard on “ stop ”’ 
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Bank 6 of the uniselector is used 
for operating the relays BA, BB 
and BC during successive rotations 
of the uniselector wipers when N is 
selected to be more than 40. While 
timing is in progress relay contacts 
RS: are closed. When the wiper of 
Bank 6 reaches the contact num- 
bered 48 (this occurs at the 47th 
pulse operating the uniselector) re- 
lay BA locks on through its contacts 
BA:. Thereafter there is no circuit 
for the stop signal through Banks 1 
and 2 of the uniselector. During 
the next rotation of the wipers a cir- 
cuit is established through Bank 3 
via BA, and BB. to the terminal 
marked 60. Meanwhile relay BB 
has been prepared by the closing of 
BA: and when the Bank 6 wiper 
reaches contact 46 on the second 
rotation BB locks on. Operation 
of BB, causes BA to release owing 
to the differential connexion of its 
twin windings; this enables relay BA 
to be utilised a second time. BC 
locks on during the third rotation 
and BA locks again during the 
fourth rotation when the Bank 6 
wiper reaches contact 42. The cir- 
cuit for the stop signal is so arranged 
that the timer will run indefinitely 
if the selector switch is turned back 
to a value of N which has already 
been exceeded; hence there is. no 
danger of premature stopping when 
the switch setting is changed while 
timing is in progress. At “‘ stop,”’ 
relay contacts RS; open and the 
three counting relays are released so 
as to be ready for another cycle. 

Bank 5 of the uniselector is 
utilised in order to make the homing 
-of the uniselector a necessary pre- 
condition for the lighting of the 
amber ‘‘ ready’ lamp and opera- 
tion of the start button. Terminal 
PL; is used when it is required to 
operate a bell at every 25th uniselec- 
tor driving pulse. 

Timing and Control Circuits (Fig. 6.) 

Before timing can begin the 
master relay RS (see Fig. 6) must 
first be locked on. As long as this 
relay is released the red “‘ stop ”’ 
lamp will be alight. When the main 
switch (Ss) is in the Scaler In posi- 
tion terminals Pls (50 V p.c. out) 
and PL: must first be linked by 
operation of the scaler count key, 
which is provided with spare con- 
tacts for such a purpose. When 
this has been done the scaler will 
still be inhibited from counting 
owing to the fact that an earth is 
applied to scaler terminal No. 1 via 
terminal PL: in the timer. Removal 
of this earth will break a high-speed 
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Fig. 5. Pulse-counting circuits 
relay circuit in the scaler which pressing the start button Relay TG 


allows pulses to enter the first elec- 
tronic scale-of-ten. 

After the three registers have been 
reset and provided the uniselector 
has homed (an automatic process) 
there is a circuit to earth from the 
point marked “‘ Y”’ in Fig. 6 by 
way of uniselector Bank 5 (Fig. 5) 
and the register ‘‘ commutators ’ 
(Fig. 4). Consequently the amber 
‘“ready ”’? lamp will be alight as 
long as the start button (S.) is not 
pressed. Under these conditions re- 
lay RS will lock on through con- 
tacts RS: when S: is operated and 
the red and amber lamps will be ex- 
tinguished. 

The relay trigger or scale-of-two 
circuit, which performs the start- 
stop switching operations, is made 
up of the three relays TG, SL and 
SS. The behaviour of this device is 
somewhat similar to that of an elec- 
tronic trigger circuit. Initially the 
three relays are released but they 
become ready to function when con- 
tacts RS: and RS, are operated after 


utilises two make-before-break con- 
tacts (TG: and TG.). The first 
pulse to operate TG normally comes 
from the half-second contacts of the 
master clock through the switch S:. 
At the leading edge of this pulse 
relay SL operates through SS: and 
TG: while at the trailing edge SS is 
energised through SL, and TG:; both 
SL and SS then remain at ‘‘ make ”’ 
until another pulse arrives’ to 
operate TG. The operation of SS:, 
after the passage of the initiating 


pulse, switches the earth return cir- + 


cuit of TG to the movable arm of the 
selector switch (S:) and TG is pre- 
pared to receive the stop signal pulse 
by way of the uniselector switching 
contacts. Operation of TG by the 
stop signal causes SL to release at 
the leading edge while SS remains 
operated through SS: until the trail- 
ing edge of the stop signal is reached. 

The switch S: is a behind-the-panel 
control which is only used when it 
is desired to use a stop-clock alone 
instead of the master clock; in these 
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circumstances the switch is thrown 
to the position marked ‘‘ Stop-Clock 
Only ”’ and the initiating pulse to 
the trigger circuit is provided by the 
operation of contacts $2/2 of the 
start button. 

At the beginning of the timing 
pulse, which is normally the first 
master clock pulse to occur after 
pressing the start button, SL, oper- 
ates and the green “‘running’’ lamp 
lights up. At the conclusion of the 
timing pulse SS. in Fig. 4 closes and 
relay HS is then ready. to be 
operated by the subsequent half- 
second pulses. Simultaneously SS, 
(Fig. 6) removes the “ stop ”’ earth 
from the scaler start-stop relay via 
terminal Pls, and SS; performs a 
similar function on the stop-clock 
when one is used. The operation of 
SS: also applies a holding earth to 
the master relay RS, so that this 
relay remains operated when the cir- 


cuit to earth from the point ‘ Y,’’ 


through the uniselector and register 
** commutators,” is broken by the 
movement of these devices. 


After the stop signal has operated 
TG, the circuit of relay HS is broken 
so that the two time registers cease 
to function. The “ running ” lamp 
is extinguished at the beginning of 
the stop signal by the action of SLi; 
RS releases at the end of the signal 
due to SS., so that the “stop ”’ 
lamp lights up. When the time is 
preset the ‘‘ stop” earth is re- 
applied to the scaler and stop-clock 
at the trailing edge of the appro- 
priate master clock pulse by the 
action of SS: and SSs respectively. 
When the number of counts is preset 
the ‘‘ stop ’’ earth to the scaler and 
stop-clock is applied at the leading 
edge of the Nth ‘“ hundreds ” 
pulse by the release of SLi and SLs 
acting respectively through sections 
S1/5 and $1/6 of the system switch, 


When it is desired to control the 
duration of a count manually, or 
whén a count is to be terminated 
prematurely, the stop button S: may 
be operated. This causes relay RS 
to release, and immediately after- 
wards any other relays which may 
be energised are also released. The 
dials may then be read and a new 
count started as soon as the registers 
have been reset. When the sexler is 
switched in via Ss, raising the scaler 
count key will also perform this 
stopping function. 


Timing Accuracy and Other Con- 
siderations 
The master cléck (Contactors, 
Master, Type 2) has been proved to 
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Fig. 6. Timing and control circuits 


give very consistent results and, 
provided its thermostatically con- 
trolled heater is employed, an 
accuracy considerably better than 
that of most stop-watches is to be 
expected. In these circumstances it 
is desirable to consider the timing 
errors which may be introduced by 
the finite operating and release times 
of the relays. The writers used 
standard P.O. 3,000 type relays 
throughout, since these relays are 
robust and are readily available in 
a multiplicity of different contact 
arrangements. Although the circuit 
diagrams only show the relay cun- 
tacts that are actually necessary, in 
practice it is convenient to use relays 
having four “‘ make’ and _ four 
** break ’’ contact units in all cases 
with the exception of TG (two make- 
before breaks) and UR (two heavy- 
duty ‘‘ make ”’ contacts). 

When the number of seconds is 
preset relay TG is connected to the 
clock contacts both at “‘ start ”? and 
at ‘“‘stop,’’ and _ the _ start-stop 
switching is effected by the release of 
TG in both cases. At the beginning 
of the count there is a further time 
interval before the scaler starts to 
function: this is made up of the 
operate time of relay SS and the re- 
lease time of the scaler high-speed 
relay. At the end of the count there 
is a corresponding time lag which is 
made, up of the release time of relay 


SS and the operate time of the scaler 
high-speed relay. The total switch- 
ing error, which is the difference be- 
tween these two time intervals, is 
not more than one hundredth of a 
second. A similar result is obtained 
for the minute-controlled condition 
of operation. This timing error 
could be reduced if desired by the 
connexion of a suitable resistance 
across the coil of relay SS so as to 
increase its release lag. 

When the number of counts is pre- 
set there is a delay of the order of 
20 milliseconds between the begin- 
ning of the selected ‘‘ hundreds ”’ 
pulse and the moment when the 
scaler stops counting. With this 
mode of operation, however, the 
timing accuracy is limited by the 
fact that the time may only be read 
to the nearest half-second unless a 
stop-clock is employed. 

It should be noted that when the 
half-second pulses are being counted 
relays TG and HS are connected in 
parallel across the clock contacts 
when the uniselector reaches its final 
position. Similarly, TG is con- 
nected in parallel with UR during 
the stop signal when counts or 
minutes are present. These three 
relays, therefore, should be of 
similar type and should have iden- 
tical windings in order that surge 
interaction may be avoided at the 
moment of break. 
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Hectronic Engineering 


Microwave Antenna Theory 


and Design 
Edited by Samuel Silver. Radiation Labora- 
tory Series; volume 12. 623 pages. 
(McGraw-Hill, 1949), 48s. 


T HIS book provides a systematic 
treatment of the basic principles 
and the fundamental microwave 
antenna types and techniques. It is an 

excellent record of the research and 
development work which has been 
carried out in this field, and a very high 
technical standard has been maintained 
throughout. 

The information falls into four prin- 
cipal groups; basic theory, theory and 
design of transmission lines, theory and 
design of antenna systems ‘and arrays, 
and measuring techniques and appara- 
tus. 

In the first chapter, a survey is made 
of the problems encountered in the 
design of microwave antenna and the 
general plan of the book is discussed. 

Chapter 2 deals briefly and concisely 
with the theory of the circle transmis- 
sion line, referring to the use of trans- 
formation charts of the circle diagram 
type, and the equivalent network repre- 
sentation of the antenna. 

The discussion of the field equations 
and general properties of an electro- 
magnetic field in Chapter 3 is rather 
brief and the reader is referred to 
Stratton’s Electromagnetic Theory for 
a more detailed treatment: however the 
outline is given and examples of cer- 
tain idealised current distributions fur - 
nishes a theoretical guide to the design 
of various antenna feeds. 

The subject of wave propagation, ap- 
proached from the point of view of 
geometrical optics, makes interesting 
reading in Chapter 4, and in Chapter 5. 
the theory of scattering, diffraction and 
reflexion is developed with reference to 
general techniques, leading on to aper- 
ture systems and antenna radiation 
patterns in Chapter 6. 

This treatment of basic theory occu- 
pies about a third of the book and the 
remaining four hundred pages are 
devoted to more practical aspects and 
to the solution of design problems, 

Chapter 7, dealing with microwave 
transmission lines (including wave- 
guides) is very short and reference is 
made to other publications to enable 
the student to fill the gaps. 

Chapter 8 is a very interesting intro- 
duction to the problem of feeding 
microwave antennas, There is some 
confusion in section 8.8 in the explana- 
tion of dipole-disk feeding and it is felt 
that the device for feeding a balanced 
dipole from an unbalanced coaxial linc 
(termed slot feeding) might have been 
dealt with more fully. 
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Chapter 9, the work of three authors, 
supplies a ‘wealth of information on 
broadside and end fire arrays, slot 
radiators in waveguides, and the vari- 
ous feeding methods. It includes a 
— interesting reference to probe fed 
slots 

The difficult subject of radiation from 
the ends of waveguides and from elec- 
tromagnetic horns has been thoroughly 
examined in Chapter 10, and an account 
is given of pressurising and matching 
enclosures, 

Dielectric and metal plate lenses 
receive a very practical treatment in 
Chapter 11, particular reference being 
made to the subject of permissible 
tolerances, demonstrating that to 
American manufacturers suitability for 
mass production is regarded as one of 
the chief virtues. 

Chapter 12 deals wth paraboloidal re- 
flectors, parabolic cylinders, cheese and 

pill box antennas, with experimental 
aol of their radiation patterns, gain 
factors, impedance characteristics, and 
some information to help with struc- 
tural design problems. 

Beam shaping techniques are sur- 
veyed in Chapter 18, and the questions 
of feeding the various shaped beam 
antennas, and of the design of the re- 
flectors, are considered in a_ very 
satisfactory manner. 

Antenna installation problems are 
discussed in Chapter 14 and the prac- 
tices that have been adopted for dealing 
with them are clearly outlined. The 
problems associated with scanning 
antennas on aircraft are particularly 
investigated and PPI (plan-position- 
indicator) photographs are used to illus- 
trate defects due to antenna pattern. 
The relation of the dielectric housing, 
or radome, to the general installation 
problem, and the design of radomes are 
considered from a practical angle. 

The last two chapters are devoted to 
a discussion of measurement techniques 
and a survey of the equipment required 
for such measurements. This is an im- 
portant section and includes the deter- 
mination of impedance, radiation pat- 
terns, and gain of antennas; the experi- 
mental setups are well described. 

In general it may be said that the 
aim to provide the antenna engineer 
with a fundamental microwave antenna 
reference book has been excellently 
achieved, but a complete work on such 
a vast subject in one volume must not 
be expected. A good mathematical 
knowledge on the part of the reader is 
assumed and the writers have made no 
attempt to provide physical pictures in 
explaining microwave phenomena. 
minor criticism might be made that 
occasionally the diagrams illustrate 
points which are not clearly referred to 
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REVIEWS 


in the text; for instance on page 287, 
Fig. 9.16, a slot marked (a) is shown 
which is not mentioned elsewhere. 
Again on page 243, Fig. 8.2 (b) a stub 
support termination is shown but the 
text refers to a metal plate which ‘s 
illustrated in Fig. 8.3 with no linking 
explanation. 

The book is a very valuable contri- 
bution to radio literature, 

H. V. Sims 


Pulses and Transients in Com- 
munication Circuits 


C. Cherry. Chapman & Hall. 
32s. 


317 pages. 


A TEXTBOOK dealing 

effect of communication circuits on 
pulses and transients has long been 
required and this treatise will go far 
towards fulfilling that need. The 
author considers his subject from an 
engineering angle and although he 
makes full use of mathematics he is 
careful always to provide the physical 
interpretation. In spite of this valu- 
able practical approach, the book will 
make difficult reading for those not 
well versed in  trigonometrical and 
exponential integrals, differential 
equations of first and second order, 
and Fourier analysis. 

There are eight chapters, one short 
appendix on the Probability Function 
(used in Chapter 6), a complete list 
of symbols and a fairly comprehensive 
index. The first chapter is introduc- 
tory, starting off with circuit basic 
principles. The significance of the 
statement ‘‘ current waveform x net- 
work function = applied E.M.F. wave- 
form ”’ is emphasised, and the mageen 
effect of the variation of the real and 
imaginary parts of the solution to an 
L.C.R. circuit, whose E.M.F. is suddenly 
applied, is well illustrated. Reference 
is made in Fig. 8 to Q, but we have 
to wait for two pages to find its mean- 
ing; it would have been more helpful 
to use (1/R)V L/C instead of Q. Chap- 
ter 2 is concerned with the frequency 
spectra of modulated waves, pulses 
and transients. In illustrating the 
rotating vector generating a sine wave 
the author makes the real axis verti- 
cal and the imaginary axis korizontal, 
and this convention may cause con- 
fusion to some students. The advan- 
tages of the negative and positive 
frequency spectrum concept in pro- 
viding information on the phase as 
well as amplitude of the components 
is made very clear. In the section on 
frequency and phase modulated waves 
the explanation of the need for har- 
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monic sidebands is rather scanty. The 
author’s presentation of Fourier 
Analysis is less satisfactory than that 
found in some other textbooks, but 
its application to pulse waveforms is 
very well treated, as also are the 
theorems applicable to transients and 
their spectra. 

The steady state characteristics of 
networks is the basis of Chapter 38, the 
most important sections of which are 
those dealing with circuit duality 
(useful in electromechanical analogies) 
and Foster’s reactance theorem (one 
of the most valuable aids to circuit 
analysis). Some expansion of the last 
section would be an advantage so as 
to show how the individual L.C. com- 
ponents can be calculated for 4-element 
arms in addition to the 3-element 
arms which receive adequate treat- 


ment. Chapter 4 follows naturally and 
concerns the transient response of 
networks. The separate effects of 


attenuation and time delay distortion 
on pulse waveshape are well illustrated 
and the author indicates the method 
of attack in dealing with symmetrical 
and skew symmetrical waveforms. The 
equivalence of low pass and band pass 
filter response is also considered. The 
appetite for the complete working out 
of a practical example is whetted but 
never satisfied in this chapter. The 
omission of brackets from the repeated 
Equation 114 on page 181 (and sub- 
sequently) and the mixture of brackets 
and solidus may be puzzling to the 
student. The next chapter on some 
approximations and idealised results 
shows the response to be expected from 
circuits with idealised straight-sided 
selectivity curves; the fact that “‘ over- 
swing ”’ is associated with a discon- 
tinuous selectivity curve is emphasised. 
A section on the effect of a pulse 
tuned outside the normal pass band 
concludes the chapter. The factors 
affecting the transient response of 
multistage amplifiers are described in 


Chapter 6. Signal-to-noise ratio is 
considered in relation to optimum 
bandwidth. 


About half of Chapter 7 on asym- 
metric sideband transmission deals 
with a tone modulated signal and 
shows how an amplitude modulated 
carrier is converted into a combined 
amplitude and phase modulated signal 
by this asymmetry. The other half 
treats in a similar manner a signal 
with square wave modulation and one 
with transient modulation. 

Chapter 8 on reflexion and echo 
effects in lines and lumped_ networks 
is particularly apposite today when 
there is so much interest in pulse test- 
ing, measurement and operation as in, 
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BOOK REVIEWS (continued) 


for example, radar and fault location 
on telephone and power lines. 

A valuable feature is the very com- 
plete list of references at the end of 
each chapter; this list gives also titles 
of works, whose subject matter, though 
not specifically mentioned in the 
chapter, would repay study. A minor 

int of general criticism is the rather 
arge number of asides and _ notes 
which are distracting in the earlier 
chapters and which could often have 
been avoided at the expense of a little 
recapitulation. 

The author in his preface states that 
his aim is to give the “ essential 
groundwork using rigorous physical 
arguments’’ and he has certainly 
succeeded. His book can confidently 
be recommended to graduate en- 
gineers, particularly those teaching or 
practising in radar and television. 

K. R. Srur.tey 


Electricity 


By C. L. Boltz, George G. Harrap & Co. 
Ltd. 311 pages, 150 figs. Price 8s. 6d. 


fae pa book of about 300 pages is one 
_& of a series edited by the author and 
intended to provide the general reader 
with the fundamentals of Mathematics, 
Physics and Biology. 

_ It modestly claims to be useful read- 
ing preliminary to taking to textbooks. 

The author might also claim it to be 
of interest to readers who have already 
taken to textbooks, because it not only 
tells the reader interesting things about 
the early men of science usually 
omitted from textbooks but also relates 
their discoveries historically one with 
another so as to show clearly the pro- 
gress of thought (or non-progress, see 
p. 154, Sturgeon) through a series of 
discoveries, 

There is some incongruity in the 
choice of subjects for illustration, parti- 
cularly in conventional symbols and 
some diagrams of plugs and switches 
in the home compared with Georg 
Ohm’s current meter (Fig. 26) and 
modern D.c. armature (Fig. 95). 

I think that the core should have 
been shown in place in Fig. 62; with- 
out it the diagram is misleading on the 
fundamental magnetic circuit. In the 
arrangement illustrated in Fig. 70 it 
would have been better to show the 
coil not along the line of the needle, 
and in the text it would be better to 
say ‘‘ when the circuit is opened the 


needle returns to its original position 
of rest.”’ 

However, these are small points in a 
pleasing and stimulating book. 

’ One might join issue with Mr. Boltz 
about his claims for the virtue of 
Baltic air (p. 148) and use his own 


excellent index to confound him and 
prove the superiority of the air of this 
island but France might come in and 
make it a triangular argument. Shall 
we make it four-sided by bringing in 
the New World? 

H. CLARKE. 


Atoms in Action 


By George Russell Harrison. 
Unwin, 411 pages, 12s. éd. 


HIS book was first published here 

in 1940, and consists of a series 
of more or less independent chapters on 
different branches of applied physics in 
modern civilisation. It is attractively 
easy to read and Professor Harrison 
has shown considerable skill in making 
at least the main features of abstruse 
processes comprehensible to the lay- 
man. The book is particularly well 
adapted to the schoolboy at the radio- 
set-construction stage. 

The fundamental nature of energy is 
well brought out in a variety of 
ingenious ways but the importance of 
some of the details treated may have 
been a trifle overstressed, making 
appreciation of their order of merit 
difficult. This also leads to occasional 
anticlimax, as when a_ considerable 
build-up of the genetical effect of X- 
rays is concluded by saying that a 
scientist of the General Electric Co. 
has suggested that orange trees which 
would resist the cold might be 
developed this way. 

The rapid advance of physics is shown 
by the fact that one or two chapters, 
such as ‘The Doctor and_ the 
Physicist ’’ have dated somewhat but 
three chapters added to the new 
(third) edition have done a lot to help 
this. A final chapter discusses future 
scientific developments and deals excel- 
lently with the erroneous but common 
view that modern. wars kill relatively 
more people than the old ones. They 
are more expensive, and with more 
education and better communications 
people are able to worry about them 
= more but this is not necessarily 

ad. 

Among the creditably small number 
of errors may be mentioned the state- 
ment (p. 144) that the ionosphere is 
transparent to wavelengths above 100 
metres, and (p. 366) that the graphite 
in a pile slows neutrons down so as to 
stick more readily to the U2: nuclei— 
Uns of course is intended. There is 
some confusion in the explanation of 
the “‘ compression ”’ of intensity range 
on p. 151. 

In spite of these details the book 
should be extremely successful in 
popularising an important subject. 

J. H. FREMiIN 


Allen and 


‘“« Ultrasonics ”’ 


By Benson Carlin. McGraw-Hill Book Co. 


270 pp. Price 30s. 


OW that ultrasonics has become 

established as a worthy  sub- 
division of the electronic art the time 
is ripe for a fairly comprehensive book 
on the subject and the present volume 
fulfils this need very well indeed. The 
keynote of the book is practical engi- 
neering and it will be of most value 
to those who wish to experiment in 
and explore the subject for themselves. 
Classical analysis and full mathematical 
treatments are not included. 

The theory of wave motion, 
particularly where ultrasonic waves 
are concerned, is dealt with con- 
cisely but adequately enough to 
form an introduction to _ practical 
work. Then follow two chapters which 
in some ways are the most useful in the 
book. They deal with crystals, one 
with their choice and technique of 
usage and the other with crystal 
holders. This latter chapter is full of 
valuable information of a type that has 
hitherto been very difficult to obtain. 

Later chapters deal with resonance 
and reflexion, continuous-wave and 
pulsed systems, ultrasonic agitation 
and various practical considerations. 
It is felt that it might have been better 
to have dealt a little more fully with 
certain aspects of the subject. such as 
the design of oscillators or the inter- 
pretation of results, even had this 
necessitated the omission of other 
matter, e.g., magnetostriction, which 
although very interesting is perhaps 
not of major importance from an 
industrial point of view. 

It is, however, nice to have the 
author’s assurance that he has person- 
ally carried out most of the practical 
work and not taken other workers’ 
results for granted. 


Towards the end of the book he meets 
the difficulty that besets many writers; 
he realises that his allotted space is 
running out and yet many things have 
not been discussed. He then proceeds 
to mention them briefly in the hope 
that appetites will be whetted. This 

lan has something to recommend ‘t 

ut can be misleading at times, as in 
the present volume, where the photo- 
preth of cathode ray screens is dis- 
missed with less than 200 words. 


It would be churlish, however, not 
to compliment the author on producing 
a useful book. He has tried to guide 
his fellow engineers in the foothills of 
a new and difficult land and, in the 
opinion of the reviewer, has succeeded. 


J. H. Juve 
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Ml e ° ° ‘i 
The “Electronic Engineering 
Televisor for the Science Museum 
ROM its introduction two years ago 
the ELecrronic ENGINEERING Tele- 
Co. visor has proved one of the most popu- 
lar designs of home _ constructed 
television receiver ever published, 
me The neat layout and workmanlike 
ub- construction have earned commenda- 
me tion from professional television engi- 
20k neers, and its performance has been 
ime surpassed by only a few high-priced 
The commercial receivers. 
1gi- The publishers of Execrronic ENGI- 
lue a NEERING considered that such an 
in example of British design and con- 
jes. struction was worthy of being perma- 
ical nently exhibited and _ accordingly 
approached the Director of the Science 
on, Museum with an offer to instal a work- 
ves ing model with an “ exhibition ”’ finish 
on- in the Radio Section. They are pleased 
to to say that this offer has been 
ical accepted and a Televisor will shortly 
ich be a feature of the gallery which 
the houses so many important examples of 
one telecommunications progress. 
of Thanks are due to the suppliers of 
stal components who are so willingly col- 
| of laborating to make the exhibit a note- 
has rs worthy addition. 
ain. 
nce 
and | A New Frequency Modulated 
ons. 
tter ° 2 © 
ith High Quality Receiver 
1 as 
ter- AS many readers are already aware, 
this the B.B.C. is shortly opening an 
ther experimental F.M. transmitting station 
nich at Wrotham, Kent, to cover London 
laps and the Home Counties. The service 
an will operate on a frequency of approxi- 
mately 90 Mc/s. with + 75 Ke/s. 
the deviation, 
son- It is felt that there will be a number 
‘ical of radio enthusiasts ready to explore 
ers’ this new field of V.H.F. high fidelity 
transmission, and the publishers of 
ects ELECTRONIC ENGINEERING have accord- 
ers; ingly invited Dr. K. R. Sturley to 
5 ae design a suitable receiver embodying 
ave the latest practice and capable of 
neds being constructed by the amateur as 
ope well as the professional. : 
This A booklet describing the design and 
1 it constructional features of the receiver 
= in is now in hand and it is hoped that 
oto- it will be available for Radiolympia. 
dis- The prototype model, which is shown 
in the photograph, will also be on 
exhibition at the Execrronic Encr- 
not NEERING stand (No. 155), in the Elec- 
cing tronics section. 
uide For those wishing to study the theory 
s of of frequency modulation, copies of Dr. 
the Sturley’s Monograph are _ obtain- 
ded. able from the Circulation Department’ | 
PE L at the offices of this journal. 
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NOTES FROM THE INDUSTRY 


Radiolympia 1949—Services and Govern- 
ment Departments to Exhibit 


Exhibits of the various Government 
Departments will be among the most 
interesting to be shown at the 16th 
National Radio Exhibition held in 
London between September 28 and 
October 8. The Royal Navy, Army 
and the Royal Air Force will be show- 
ing, although strict secrecy has so far 
been maintained regarding details. 

Among the Government sponsored 
exhibits will be those of the four 
establishments of the Ministry of 
Supply. The Radar Research and 
Development Establishment will have 
a supersonic experimental tank to show 
how radar works, and a high velocity 
measurement device. The ‘“‘ Sonde ”’ 
radio-controlled balloon will be shown 
by the Telecommunications Research 
Establishment. This balloon ascends 
to 39,000 feet, measuring wind velocity, 
temperature and humidity. 

Great interest is expected to attend 
one of the exhibits of the Department 
of Scientific and Industrial Research, 
who are showing at Radiolympia for 
the first time. This will be the location 
of storms by radio. Plotting of storm 
areas will be carried out in public 
view, based on _ readings received 
direct from Cornwall, Northern Ire- 
land, Scotland and Dunstable. The 
measurement of the height and density 
of ionisation, for forecasting the most 
favourable frequencies to be used in 
radio communications and broadcast- 
ing, will also be demonstrated. 

A working model, 10 ft. by 4 ft., of 
the main runway at London Airport 
equipped with all the navigational 
aids, including the new “‘bar and line’’ 
artificial horizon lighting system, will 
be shown by the Ministry of Civil 
Aviation to demonstrate the use of 
lighting and radar in assisting aircraft 
to land at night or in bad weather. 
The realistic display will include a 
model aircraft taking off from the run- 
way in semi-darkness and making a 
circuit of the airport before coming in 
to land. The aircraft will be located 
by GCA radar at a scale distance of 
about four miles and its position shown 
to the public on a control console with 
position indicators arranged for direct 
viewing. Visitors will thus be able to 
share the experience of an airport con- 
troller. 

H.M.V. Television Demonstration 

Six standard H.M.V. console model 
television receivers were installed in 
the Royal Hotel, Woburn Place, W.C.1. 
for a demonstration before a thousand 
delegates to the Esperanto Congress 
in London. Dr. Wanda Zamenhof, 
their honorary president, and daughter 
of the founder of the language, was 
appearing in the “ Picture Page’”’ 
feature at Alexandra Palace, and 
addressed the meeting via the medium 
of television. 


Polytechnic Courses in 
Telecommunications 


Telecommunications courses leading 
up to Ordinary and Higher National 
Certificate and City and Guilds of 
London Institute examinations will 
begin on Monday, September 26 at the 
Polytechnic, 809 Regent Street, Lon- 
don, W.1. (LANgham 2020). Enrol- 
ment dates are September 21 and 22, 
from 6 to 8 p.m. Enrolment forms will 
be circulated to qualified students who 
attended the previous session, to enable 
them to enrol by post. 


H.Q.-to-Ambulance Radio 


The first ambulances in the United 
Kingdom to be fitted with radio for 
emergency calls and general control are 
being used in Guernsey. Since the 
radio apparatus was installed in five 
St. John ambulances on the island, 
—~ lives have been saved, thanks 
partly to the speed of working achieved 
by radio communication. Each of the 
five ambulances is able to keep in 





A Modern Home-Built 


TELEVISOR 
ANNOUNCEMENT 





Components 


Further components have now been tested 
and approved for use in the Electronic 
Engineering Televisor. The full list of such 
components approved to date now reads:— 
Scanning Coils 

(i) Haynes Radio Ltd. 

(ii) Scanco Ltd. 

(iii) Allen Components. 
Focus Coil 

(i) A.M.C. 

(ii) Haynes Radio Ltd. 

(iii) Porthminster Engineering Ltd. 

(iv) Scanco Ltd. 

(v) Walpole Norman Engg. Co., Ltd. 

(vi) Allen Components. 

Line Output Transformer 
(i) Haynes Radio Ltd. 

(ii) Seanco Ltd. 

(iii) Walpole Norman Engg. Co., Ltd. 

(iv) A.M.C. 

(v) Banner Electric Co., Ltd. 

(vi) Allen Components. 

E.H.T. Transformer 
(i) Haynes Radio Lrd. 
(ii) Partridge Transformers Ltd. 

(iii) Varley (Oliver Pell Control Ltd.). 

(iv) Vortexion Ltd. 

(v) Woden Transformer Co., Ltd. 

(vi) Gardners Radio Ltd. 

(vii) Allen Components. 

H.T. Transformer 
(i) Gardners Radio Ltd. 
(ii) Partridge Transformers Ltd. 

(iii) Varley (Oliver Pell Control Ltd.). 

(iv) Vortexion Ltd. 

(v) Woden Transformer Co., Ltd. 
250mA and 80mA Chokes 

(i) Gardners Radio Ltd. 

(ii) Patridge Transformers Ltd. 

(iii) Varley (Oliver Pell Control Ltd.). 

(iv) Vortexion Ltd. 

(v) Woden Transformer Co., Ltd. 


A.M.C. have also submitted a satisfactory 
chassis, complete with valve holders and coil 
formers. 











touch with the others or with head- 
quarters, and in the 12 months that 
the radio ambulances have _ been 
operating over 4,000 calls have been 
made. 

Electric power to work the radio 
apparatus on the ambulances comes 
from Exide-Ironclad or heavy duty, 
large capacity Exide batteries. The 
discharge for the radio apparatus is 
25 amps, and in addition to this the 
batteries feed headlights, interior light- 
ing and heating, and a brass warning 
bell, as well as the starting and other 
electrical equipment. 


Ekco-Ensign South African Develop- 
ment 


Ekeo-Ensign Electric, Ltd., an- 
nounce the conclusion of an important 
agreement with African Incandescent 
Lamps (Pty.) Ltd., of Johannesburg, 
which is designed to strengthen still 
further the company’s position in the 
South African market. 

The agreement provides for E. K. 
Cole, Ltd., to become a_ substantial 
shareholders in the South African com- 
pany, and Ekco-Ensign Electric, Ltd., 
will contribute plant and technical in- 
formation required for the manufac- 
ture of tungsten and fluorescent lamps, 
fittings and control gear. 

new factory has recently been 
acquired at Industria, on the outskirts 
of Johannesburg, and is already in 
production. 


Instrument Service 


To repair damaged or faulty Elliott 
electrical test equipment, Elliott 
Brothers (London), Ltd., maintain 
service depots at London, Birming- 
ham, Manchester and Cardiff. Each is 
staffed by instrument engineers who 
are readily available for urgent work. 

The service has_ recently been 
extended to Continental countries, 
which can now take advantage of the 
comprehensive service scheme, ensuring 
regular, expert attention at a fixed 
annual charge. Details of the scheme 
are available on request from Elliott; 
ao (London), Ltd., Lewisham, 

.H.18. 


Ekco Works at Hadleigh 


E. K. Cole, Lid., purchased the 
Public Hall, Hadleigh (near South- 
end), in 1946 for immediate use as a 
stores and for subsequent use as a 
radio assembly factory when circum- 
stances should warrant this. Due to 
the increasing television production 
being undertaken at the main South- 
end factory, it is planned, in the near 
future, to assemble some radio sets in 
the Hadleigh premises for the home 
and export markets. While only a few 
local employees will be required in the 
first instance, it is hoped that ulti- 
mately this factory will absorb over a 
hundred employees from the locality. 
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CORRESPONDENCE 


Leakage Inductance 


Dear Sir,—In the article on 
‘‘ Leakage Inductance ”’ published 
in issue No. 254 of April, 1949, I 
find something which does not agree 
gy my understanding of that prob- 
em. 


It is quite right that the maxi- 
mum leakage flux density, B in 
Fig. 2 is half that of B in Fig. 1. 
And also that the total leakage in- 
ductance due to winding space will 
be one-quarter of the previous case. 
But the leakage inductance due to 
the space between windings is pro- 
portional to the product of leakage 
flux and number of turns. 


The leakage flux in each space 
between windings has 
original value and the number of 
turns linked with it also has half 
its original value. The leakage in- 
ductance due to c is then one- 
quarter of its original value. 

There are now two such spaces, 
and the total component of leakage 
inductance due to spaces will be 
one-half the previous case if each 
space is equal to the single space 
in the original case. 

Thus the whole expression for 
leakage inductance must be 


written 
ed (4 J 
“ twia * Nec ) 


instead of Formula (1). N.c repre- 
sents the total space between wind- 
ings. 
Yours faithfully, 
Frantz NIELSON 
Jyllandsgade 4, Denmark 


Mr, Crowhurst replies: 

I am thankful to Mr. Nielson for 
calling attention to the error in 
jormula (1) of my article on leak- 
age inductance. The correct expres- 
sion becomes. 


ae (2 c \q 
b\ sn? * eit 


I do not agree that it would be 
simpler by writing 





— 





k.df{ a ‘ 

= — + % 

' a 8 Nc) * 
as Mr. Nielson suggests, to take 


N.c as the total insulation space 


half its 


between windings. 
sideration of the table of winding 
arrangements on page 182 -wil show 
that this will only be true for about 
half of the arrangements shown, 
i.e., one each of those shown against 
values of N® listed as 4, 9, 16, 25 
and 36, and those shown against 
49, 64, 81, 100, 121 and 144. This 
is due to the fact that the full maat- 
mum leakage flux density does not 
appear at all the spaces in the other 
arrangements shown. 


In practice the modification made 
by introducing this correction will 
only affect designs where miaing 
arrangements are employed. It is 
generally sufficient in these circum- 
stances to ensure that the value of 
leakage inductance is small enough 
to satisfy external circuit require- 
ments, As the prediction given by 
using the formula given in the 
article, and upon which the use of 
the chart is based, will give a value 
of inductance that is slightly greater 
than the true value, the error is 
seen to be on the safe side. How- 
ever, if it is desired to use the chart 
for more accurate computations, the 
simplest method will be to divide 
the actual dimension ¢c by the square 
root of the value of N* used at the 
bottom of the chart, before adding it 
in. the space at the middle of the 
chart, as shown at figure 7. 


For cases where it is desirable 
to produce a specific value of leak- 
age inductance, winding arrange- 
ments of the types represented in 
figures 4 and 5 of the article are 
used, which the modification does 
not affect. 
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D.G. Lampard: Generalised Circuit. 


A careful con- Reducing the Effect of Capacitance in 


a Screened Cable 


Dear Sir,—With reference to your 
recent article on ‘‘ Reducing the 
Effect of Capacitance in Screened 
Cable’’ by V. H. Attree, March, 
1949, it may be of interest to you 
to know that we have used this 
system for about eighteen months 
now for coupling a P.E. cell to its 
pre-amplifier. 


However, by using a_ special 
cathode follower circuit we have 
been able to extend the length of 
the coaxial coupling cable (UR 1) to 
50 ft. or more using a 1 Megohm 
P.E. cell load resistor. The measured 
response was less than 0.5 db. down 
at 20 Ke/s. An outer earthed sheath 
is not required as the output resis- 
tance of our cathode follower cir- 
cuit is approximately 1 ohm. 


Referring to the generalised cir- 
cuit it may be shown that :— 


ar ea Oe ) 
ae Rp: + Zi Rp: 
ees -(1 ‘ agigg, 
Rp. + Zs Rp: 
bp. oc a 
“a” hh 


If the first valve is a pentode and 
M2 >> 1 then:— 





i.) 


where gm is the mutual conductance 
of valve 1. 





Similarly the output resistance R. 
1 

Ro = 
MAZy \ He + 1 


is:— 
wh bet 
g ( Rp: ] Rp: 


Using the values shown in the 
second circuit we find :— 
m = 0.998 Ro = 1.12 


Now it will be seen that even if Zr, 
or A is complex (as could be caused 
by stray capacitance) the resultant 
phase angle of m is in general very 
small. Thus it is justifiable to 
assume that m is purely real. The 
effective capacitance of the cable is 
given by :— 


C= 








C1 — m) 
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D. G. Lampard: Detailed Circuit. 


but 

‘gmAZr, 

and hence for the typical values 
given above the cable capacitance 


1-ma> 


has been reduced by a factor of A. 


500 
The frequency at which the 


response is 8 db. down is:— 


Pgtewres Seen 
fuv = o7RC(1—m) 

For a length of 50 ft. of URI 
cable (about 20 pF./ft.) and a P.E. 
cell load resistor of 1 Megohm we 
find using the above values that 
fsa» down ~ 80 Ke/s. 

Yours faithfully, 
D. G. Lamparpb. 

University Film Society, Sydney. 


Dear Sir,—In the March issue 
of Execrronic ENGINEERING there 
was an article by V. H. Attree in 
which a circuit for reducing the 
capacitance of a screened cable by 
connecting the screen to the cathode 
of a cathode follower is described 
and analysed. In the May issue he 
discusses a circuit for neutralising 
the effect of stray capacitances on 
an input circuit. Readers may be 


interested in a new circuit which 
combines the advantages of both 
methods and provides a screened 
input cable with a very high shunt 
impedance at audio frequencies. 
The simple cathode follower cir- 
cuit cannot completely remove the 





effect of input capacitance since the 
A.c. potential at the cathode is 
always less than the applied signal; 
and though a close approximation 
can be made by using a _ high 
cathode impedance, this is shunted 
at high frequencies by the capaci- 
tance of the screen to earth. By 
means of an amplifier it is possible 
to obtain a potential identical to 
the input potential and develop this 
potential across an impedance which 
may be relatively low. If a high 
ratio of feedback be used the 
arrangement is stable and _ con- 
sistent in performance. Such an 
arrangement is shown in the Figure. 
Feedback is developed across Rk: 
and the potential at the point P may 
be adjusted by R: to give a voltage 
identical to the input voltage. In 
this case the effect of the cable 
capacitance can be completely elimi- 
nated. A further slight increase in 
R: can be used to compensate for 
the effect of stray capacitances; the 
cable capacitance now acting as the 
neutralising capacitor as described 
by Mr. Attree in the May issue. 
The new circuit has the advan- 
tage that a very high input impe- 
dance is obtainable and that the 
impedance of the screen to earth 
can be made relatively low. It 
should be added with regard to all 
these circuits that they may be 
considered as circuits with negative 
feedback, and that the action of the 
input capacitance is to remove the 
negative feedback so that the result- 


Circuit referred to in letter from D. W. Boston (below). 


ing frequency response is unaffected. 
The removal of the feedback by the 
shunt capacitance at high fre- 
quencies will, of course, increase the 
effect of valve noise at these fre- 
quencies so that where a high ratio 
of signal to noise is desired it will 
still be necessary to keep the cable 
capacitance small. 


Yours faithfully, 


D. W. Boston. 
British Acoustic Films, Ltd. 


Printed Circuits 


Dear Str,—We would refer to the 
letter from Mr. P. P. Hopf in your 
July issue regarding the publica- 
tion ‘‘ New Advances on Printed 
Circuits ’’ by the National Bureau 
of Standards of the United States 
Department of Commerce and 
should like to point out that this 
Institution in its library has copies 
of the national standards issued by 
all oversea countries; we are able to 
offer these on sale and can also easily 
obtain on demand copies of any 
other publications by these national 
bodies. 

The value of these services to the 
exporting industries in this country 
will be readily appreciated and we 
should be grateful if you can draw 
it to the attention of your readers. 


Yours faithfully, 
L. G. Watkins 


Public Relations Officer, 
British Standards Institution 
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Why not a personal Signal Generator for your 
design engineers — especially a portable instru- 
ment operating from interchangeable mains or 
battery units and covering the wide frequency range 
of 70 kc/s to 70 Mc/s. So much more preliminary 
work can be done without waiting for the standard 
laboratory apparatus to be free or moved from one 
bench to another. And if the personal Signal 
Generator also incorporates its own crystal check 
plus a useful power meter—all at the cost of one 
inexpensive instrument—each engineer is equipped 
at all times to carry out his own experimental tests. 
To such facilities add a reliable accuracy of output 
and frequency calibration and you have the 
‘portable Receiver Tester — the ideal laboratory 
sub-standard. Full technical data is freely available. 


MARCONI INSTRUMENTS LTD. 


St. Albans, Herts. Telephone: St. Albans 6161/5. 


Northern Office: 30 Albion Street, Hull. Western Office: 10 Portview Road, Avonmouth. Southern Office and Showrooms: 109 Eaton 
Square, London, S.W.|. Midland Office: 19 The Parade, Leamington Spa. 







The Portable 
Receiver Tester 
Type TF888. 





Spink AQ itech 


taf 
we. oh 


? | 


OPERATING 
ALLOWANCE 


miniature 
PUSH BUTTONSWITCH — 


ATYPE APPROVED contol 5 


PAINTON & CO LTD - KINGSTHORDE » NORTHAMPTON » reccovane: 2420 
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ing ELECTRICAL RESISTANCE MATERIALS 





@ NICKEL-CHROMIUM 
@ NICKEL-CHROMIUM-IRON 


@ COPPER-NICKEL 


A revised issue of this booklet contains, in 

@ MINALPHA easy reference form, complete tables of physical 
data = _ alloy, and — * ago sta 

upon the characteristics, availability and re- 

& MANCOLOY 10 — commended uses of our precision-drawn wires. 
To those engaged in the design of resistance 

@ RESISTANCE elements of any type it cannot fail to be of 
MATERIALS interest—to those who seek greater accuracy 
and uniformity in production it will be of 

FOR SPECIAL greater service, by suggesting the means of 


PURPOSES _ attainment. 


Copies will gladly be provided on request. 
When writing please refer to Booklet 1440. 


Johnson 
mn 


Specialised Products of 





Birmingham : Vittoria Street, Birmingham, |. 





JOHNSON, MATTHEY & CO., LTD., HATTON GARDEN, LONDON, €E.C.I. 
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Plans for a 
neighbourly world 


Marconi’s first wireless messages did more 
than enable nation to speak to nation. 
They drew closer the world’s boundaries, 
quickened the tempo of existence and 
turned distant acquaintances into next-door 
neighbours. Broadcasting has helped still 
further to increase our knowledge of our 
neighbours ; wireless navigational aids 
and radar have brought greater safety and 
faster travel between Continents. And so 
Marconi’s will continue to pioneer. Their 
engineers are busy today on developments 
which will make the world a closer 


community tomorrow. 


Marconi THE GREATEST NAME IN WIRELESS 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, MARCONI HOUSE, CHELMSFORD, ESSEX 
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‘*Westector ’’ H.F. 
metal rectifier for in- 
terference suppression. 


Half-wave unit 
for H.T. supply 


E.H.T. rectifier for 
use in half-wave or 
+ pulse multiplier 
circuits 







WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 82 YORK WAY, KING’S CROSS, LONDON, N.! 


STAND 


177 


RADIOLYMPIA 


Make a note to visit this Stand and see the range of 
rectifiers for providing H.T. and E.H.T..... for H.T. 
boost and line flyback damping . . . for interference 
suppression . . . rectifiers that meet every electronic 
and television power supply requirement— 





ESTALITE 


RECTIFIERS 








rf oer $ sl 
THE ACCURATE READING OF L 
CAPACITANCES ON A WIDE RANGE 
VARIABLE AIR CONDENSER, HAVING 
A CAPACITANCE RANGE 0 — 11,000upF, 
IS ADMIRABLY SHOWN IN THE ABOVE 
ILLUSTRATION. THIS UNIQUE FACILITY 
CAN BE OBTAINED ONLY ON :— 





H. W. SULLIVAN 


LIMITED 
LONDON, S.E. 15 
Telephone : New Cross 3225 (P.B.X.) 


LOGARITHMIC VARIABLE CONDENSERS 


Electrical Standards for 
Research and Industry 


Testing and Measuring Apparatus 


FOR COMMUNICATION 
ENGINEERING 


INVALUABLE AS GENERAL 
PURPOSE DIRECT READING 
BRIDGE STANDARDS 
OR AS BEAT FREQUENCY 
CALIBRATED CONDENSERS OF 
HETERODYNE OSCILLATORS 


SULLIVAN-GRIFFITHS 
WIDE RANGE 








FIFTEEN MODELS AVAILABLE COVERING THE 
FOLLOWING RANGE 


GES :— 
CAPACITANCE : 


FROM 0 — 30upF to 0 — 11,000upF 
ACCURACY 0.01pF or 011% 
BEAT FREQUENCY : 











FROM 0 — 1,200 c/s ta. 0 — 16,000 c/s 
ACCURACY 0.02 c/s or 0.2% 
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A new development 
wn Loudopeakers 
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1. Multidirectional 
Ribbon Unit 

. Low Frequency 
Unit 

3. Elements of 
Acoustic Filter 


Side view sectional 
diagram showing 
arrangements of 
units and _ vertical 
dispersion. 

Top diagram view 
showing horizontal 
dispersion 

















The Corner’ Ribbon 


We have now completed our 
work in the development of a 
new type of loudspeaker aimed 
to give the highest possible 
quality of sound reproduction. 


The new loudspeaker incorpor- 
ates a freely suspended ribbon 
for the mid-high and _ high 
frequencies, this being loaded 
front and back and arranged to 
radiate in all directions (in- 
cluding the rear). A cone unit is 
used for the lower frequencies. 
The back being coupled to the 
air through a_ two _ section 
acoustic filter. 


During the last three years, the 
development of this loudspeaker 
has entailed some physiological 
research and a vast number of 
conventional measurements. It 
has also brought to light some 
new methods for assessing the 
goodness of a loudspeaker. Full 
details of the loudspeaker itself 
and some of the methods used 
in its development will shortly 
be available. 


September, 1949 





A special listening lounge will be provided at Radiolympia 

this year solely for the demonstration of this loudspeaker 

—fed from a QAI2/P amplifier with radio and records. 

We strongly recommend that you take advantage of 

this demonstration. We should also like to see you on 

our Stand (No. 91) where we shall be pleased to give 
you further information. 





€= GLCVUGSTICAL 


MANUFACTURING CO. LTD. 


HUNTINGDON 


Telephone HUNTINGDON 36! 











ENCLOSED RACK 














The Imhof Standard Enclosed Rack has been designed to 
fulfil a wide demand for an enclosed rack of functional 
design, yet of really modern and pleasing appearance. 
The two side doors are hinged, and are detachable, should 
several frames be required to be bolted together. A 
hinged back door is also fitted. 
Adjustable chassis supports, 
chassis, panels and panel 
handles are available to suit. 
These racks are being pro- 
duced in two heights, 6’ and 
4’, and are now available. 
An illustrated catalogue giving 
full details and prices is being 
prepared and will be available 
shortly. 











Price : 
MEET US AT 6’ Rack hes . 2 
4 Rack £15-15- 
RADIOLYM PIA (Panels and Chassis 
Supports extra) 








ALFRED IMHOF LTD., 


112-116 NEW OXFORD ST., LONDON, W.C.I 
Tel. : MUSeum 7878 
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INDUSTRY 1S CATCHING UP WITH SCIENCE 





\e/ 
Mullard 
STROBOSCOPE 


Type GM.5500 


An industrial and laboratory unit for the visual 
examination of mechanical parts, liquids or gases 
under working conditions. 





Special Features 


Maximum light flux 20 million lumens e Flash dura- 
tion 3 to 10 microseconds e Light intensity variable 
over seven switched positions e Flash frequency 
adjustable between 0.5 to 250 per second e Built-in 
frequency meter gives direct reading of flash fre- 
quency over whole range e Connectors and a switched 
system for external synchronisation e Removable 
lamp unit e Built-in mains filter e Simple to operate 
Completely mobile. 


Write for full information to:— 


Mullard 


Electronic Products Ltd., 


ELECTRONIC EQUIPMENT DIVISION 
ABOYNE WORKS ABOYNE ROAD S.W.1I7- 
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y . Soxe TELCON CABLES are 
scientifically designed. EVERY 
COIL is TESTED to ensure that the Imped- 
ance and Attenuation characteristics are 
uniformly maintained within close limits. 
This background of technical knowledge and 
care in manufacture is a guarantee that 
Aerial Installations using TELCON TELEVISION 
CABLES are a source of maximum signal and 
satisfaction. There is a TELCON CABLE 
designed for every Receiver and for all 
reception areas—PT1M Co-axial for high 
signal strength and AS 60M Co-axial for 
‘“‘ fringe’ areas are two examples. 


The TELEGRAPH CONSTRUCTION & MAINTENANCE Co. Ltd 
Founded 1864 


Head Office: 22 OLD BROAD ST., LONDON, E.C.2 
Telephone : LONdon Wall 314! 


Enquiriesto: TELCON WORKS, GREEN WICH, S.E.10 
Telephone : GREenwich 329! 











(MI.293) 


Meet us at Rad:olympia Stand 30. 
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SPECIALISTS IN 


R.F. HIGH VOLTAGE SYSTEMS 


5-90 KY. 








HAZLEHURST DESIGNS LTD. (er) weer us at 


186, Brompton Rd, KNIGHTSBRIDGE, LONDON, S.W.3 


RADIOLYMPIA 


SEPT 28- OCT 8 











ELECTRONIC EQUIPMENT FOR INDUSTRY 


INEXPENSIVE PHOTO-ELECTRIC EQUIPMENT 


Control Unit Type E.P.U.1 
A newly developed compact, 
self-contained unit which will 
make or break a circuit carry- 
ing 5 amps. at 230 volts 50 cps., 
when the light beam is 


obscured. 


Light Source Type L.S.U.I 
A mains-operated unit for use 
with the E.P.U.I over dis- 
tances up to I0 feet. 


Light Source Type L.S.U.2 
A similar unit to the L.S.U.1, 
but for distances up to 25 feet. 





Write for a copy of our booklet ‘* Electronic Equipment for Industry ”’ 








BRITISH ELECTRONIC PRODUCTS ('948) LTD. 


CL 7 ; CL : ef 
C VeCli0PUC OnGgOnee 177) li C 1206 NOY. 


eek cha & & 


STAFFES ° PHONE RUGELEWY 371 





3.T.L. 
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@ 
AG 
- <* blecheonie TESTMETER 
KY, 
* 3 


MODEL 170A 

A highly stable D.C. Valve Voltmeter using an external diode probe 
for R.F. and A.C. measurements. Stability and freedom from zero drift 
are ensured by careful design and the simplified controls make for ease 
in handling. For A.C. mains operation, 110-120V and 200-250V 40/100c/s. 









RANGES. 

@ D.C. VOLTS. 0-2.5-10-25-100-250-1,000. 

@ D.C. VOLTS x 10. 0-25-100-250-1 ,000-2,500-10,000 (with adaptor). 

@ R.F., A.F. & A.C. VOLTS. 0-2.5-10-25-100-250. 

@ A.C. VOLTS x 10. 0-25-100-250-1,000-2,500 (with adaptor). 

@ D.C. CURRENT. 0-100uA-1mA-10mA-100mA-1 Amp-10 Amps. 

@ RESISTANCE. 0.5 ohm-1000 megohms in 6 ranges using internal 
battery. 

@ DECIBELS. —22dbto + 43db in 5 ranges. 





LIST PRICE £22.10. 0 


Please write for further details WIND ~ OR 
aie o> gc 
ane TAYLOR 


TAYLOR ELECTRICAL INSTRUMENTS LTD ear 


419-424 MONTROSE AVENUE, SLOUGH, BUCKS, ENGLAND \ TEST EQUIPMENT 
Telephone SLOUGH 2138! (4 lines) e Grams & Cables TAYLINS, SLOUGH 


( 
se 
oxy" 
wy? 














| Hh The MUREX Contribution to the Electronics and Electrical Industries ii} in 


NO yoly bent. Wetal. 





TUNGSTEN MOLYBDENUM 
Wire Rod for Contacts 
Rod for Contacts Valve Stems 
Rod for Valve Seals and Supports Grid and Mandrel Wire 
Electrodes for Therapeutic Apparatus Support Wires and Rods 


Atomic Hydrogen Arc Welding Rods 


Wire for Furnace Windings 
Rod and Wire for Metal Volatilization 


Hammered Slabs _ 


processes 
Hammered Slabs Sheet, Strip and Foil for all purposes 
Sheet, Strip and Foil Sheet for Furnace Boats 


We also supply Tungsten, Molybdenum, and Tantalum Metal Powders, Titanium Hydride, 
Zirconium Hydride and many other metallurgical products 


BOOKLETS ON REQUEST 











TELEPHONE RAINHAM ESSEX 240 
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THE FOX 
LD 
POTENTIOMETER 


type PXF.5/H 10. 


is now available for general release io the 
Electronic Industry. 





BRIE« SPECIFICATION 


Resistance ——- 20 ohms to 50 K. ohms. 
Helical turns, 
Rotation, 3, 00 deg. 
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POTENTIOM ETERS 


10-1000 WATTS 


Ceramic Insulation only— 
and approved for tropical 
conditions. 

Complete Ceramic Rings for 
strength. 

Approved by all Govern- 
ment Departments. 


Reasonable Delivery. 


Specialists in all types of 
Toroidal Windings. 





Number of wire turns, 2,000 to 12,000. 
Wattage, 5. 
SANA SE OR eR 
Write for full details to :— 
- X. FOX wowirep 


Aiso precision Toroidal-wound Potentio- 
meters, including 360 deg. of winding with up 
to eight tapping points. All are available 
with sealed spindles and glass terminal seals. 


TOROIDAL POTENTIOMETER SPECIALISTS 
HORSFORTH, YORKSHIRE, ENGLAND. 


Telephone : Horsforth 2831/2. - Telegrams: ‘‘ Toroidal, Leeds.” 
n.d.h. 





aves 


ae Le 





18, TOTTENHAM COURT ROAD, LONDON, W.! 


Tel. MUSeum 2453. Shop Hours: Mon. to Fri. 9—5.30. Sats.9—I. 
TRANSFORMERS (Postage 9d. extra) 


A range of new mains reg my ps wound to our own spec. and highly competitive 


in price. All primaries for 50 c/s. 
taeee ri. Sec 300-0-300 volts 60 mA ; 5V 2A; G3V3A" 3. SS 
| = Winding 4 volt 2 amp. x we nt ae 7/6 
' e a » volt 2 amp. ee am we ve 8/6 
' He oe »  5volt 3 amp C.T. mn we os 10/6 
| are we 6.3 volt 14 amp ee sae / 
12 volt | amp ae si ¥ be 10/6 


CHOKES (Postage 9d: extra) 
All wound to our own spec. and renee ae: 


10Hy 75mA 150 ohms 4/9 

ly 300 ohms 8/9 
aie. — —- ~« « «na 
_ 150mA 200 ohms im <a ed eA, 10/- 


(Postage and packing 1/6 extra) 
~~ latest oil filled plastics lens for all types of Television 











14% 
Sin i CA Sea ee hes ame 
oo ig ... 410 0 
oe “Television lens in attrative modern and dj ble floor 
stand (wood fiinished dark oak) aon ask: swe > ge Cae 
(Post 3/6) 
12 in. Television lens for table model televisi Fully adjustable to 
suitall types. Stand constructed throughout with clear plastic ...519 6 
(Post 3/6) 
COILS 
Complete set of coils for ELECTRONIC ENGINEERING Televisor £s. d. 
boxed and individually — All in with sp 
tion, including heater chokes . one axe = 
“deat 989 


ALL “ E.E.”” TECHNICAL BOOKS IN STOCK 





The Component Specialists now offer 


TECHNICAL SERVICE 


For Television and Radio (including “E.E.”’ Designs) 


A CALL, PHONE OR STAMPED ADDRESSED ENVELOPE WILL 
BRING FREE EXPERT ADVICE TO YOUR PROBLEMS. 
A SELECTION OF OUR WIDE STOCK IS SHOWN BELOW 


Complete set of coils for WIRELESS we Tenter 
an marked and boxed. T.R.F.type . a 8 6 "Post 9d.) 
wa 3 12 6 (Post 9d.) 
URPLUS VALVES. (Postage 8d. each plus 2d. woe additional valve) 
sui tested on AVO ages: Tester and full Fer) guaranteed 


807 6V tetrode we Sle SOEUR Gc ss, Gis al 
it} v8 807 for RV - te |/ EF36 6V RF pen ae. 
UI74 KV 30 mA rect. i 6SH7_ 6V pen ... 46 
LL eS eee | | EF50 Tel RF pen a. Ge 
2X2 4KV 2.5mA gsc) | ect ee EF54 Tel RF pen 7/6 
6SK7 Vari. mu pen ... -. 6/6 6AC7 Tel RF pen 6/- 
rea Mg 4 inte te w= Sle Pen 46 Tel. out. pen ... 10/- 
ec D.T. cee on aan EF39 6V varimu pen - 5/6 

EC54 6V ea triode .. 6/6 6J5 GP triode aca, Lee 

6SN7 6V Dbl. triode a | KTW616VRFpen ...  ... 7/6 
Det 20 VHF triode ... =... 3/ 1W4/500 4V Rect. ... ... 6/9 
210LF 2V triode ees | 120V 3mA Neon a. |’ 
EK326VF.changer... ... 6/6 Y63 6V ic eye 5/6 
EBC336VDDT ...__—_....._-4/6 HVR2 5KV 2mA rec. 10/- 

2 6V outpen 7 ‘suiy TTI1 VHF RF pen . 

6K8 F. changer oes .. 8/6 1R5 1.5V vari. mu pen ee 
KT2 2V Pen ... sie .. 5/6 1S5 1.5V Dio Trio... ee | | 
DI Diode Pte 2/6 IT41.5VRF pen ..  ... 7/6 
MISCELLANEOUS Standard 20 gauge steel chassis 17 in. by 10 in. by A ia. 
All corners welded. Black gloss stove enamel finish. (Post 1/6). Price only 6 


Standard 18 gauge steel panel 19 in, by 104 in. undrilled. Black crackle Ashe 
(Post 1/3). Price only 3/6. 

BYLOCK ELECTRIC SPRAY UNIT 
The Vortex Electric Spray Unit has been designed to cover the many and 
varied requirements of | ay, iD.e motor the Motor Trade, Home and 





Connie. Universal motor operates a 5-s' impellor to 
te the necessary p lete unit is 9 in. dia. by 124 in. high 

a; kee 148 lb. 

Fi of rubberised canvas connects the spray gun to the main unit. Three 


ive 
siaee of jet provided =! ve pint container. 
The price complete with 6 yards of mains cable £810 0 
FULL POSTAL FACILITIES. PLEASE ADD Pos TAGE, 
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More sensitive 3 : BA | N 


than headphones 


Alternative input 


impedances 


Robust 


Inexpensive 


Operates on A.C. mains 





VISUAL 
NULL 
INDICATOR 


{For 
A.C. BRIDGES 
40 c/s to 
20 Ke/s 


BALDWIN INSTRUMENT CO. LTD., DARTFORD, KENT 


Telephone : DARTFORD 2989 








































































































BRITISH ROLA LTD., FERRY WORKS, SUMMER RD., THAMES DITTON, SURREY 
Telephone: EMBerbrook 3402 (5 lines) 





Maximum sensitivity with uni- 
form frequency response from a 
more compact speaker, appreci- 
ably reduced in weight—that is 
what Rola technicians have 
achieved with the new G.12. 
Special features include dust- 
proof suspension completely 
protecting coil and magnet gap 
and the powerful Alcomax I! 
magnet. Write for details and 
also for particulars of Rola 
3” and 4” P.M. models, dust- 
proofed and equipped with 
Alcomax || magnets. 


SN 


q 





—s 








MEET US AT 


RADIOLYMPIA 


STAND 87A GRAND HALL 
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2 INFORMATIVE BOOKS 


by an expert on Loudspeakers and 
reproduction in general—G. 
Briggs. 


*“ LOUDSPEAKERS ” 


88 pages, 36 illustrations (3rd 
edition now ready), 5/- (or 5/3 post 
free). The book that tells you the 
HOW and why of good reproduction. 


“SOUND REPRODUCTION ” 


144 pages, 120 illustrations. Fine 
art paper, bound full rexine. Gives 
the practical results of many careful 
and precise experiments on L.S. 
cabinets, also chapters on various 
aspects of sound-reproduction. Part 
2 deals with recordings, needles and 
record wear, tracking, surface noise, 


microgroove recording, etc. 7/6 (or + 


8/- post free). 





OSCILLOGRAPH EQUIPMENTS 


CATHODE - RAY 


@ Single and Multi-channel 
@ F.M. Amplifiers 
@ A.C. and D.C. 


Amplifiers 
@ Time-Bases 
@ Time-Markers 
@ Recording Cameras 


@ Pressure and 
Vibration pick-ups 


—_— 


We make a wide range of 
d ts to suit all 
purposes. 


PLEASE WRITE FOR DETAILS 





Special equipments made to 
meet users’ requirements 


SOUTHERN 
INSTRUMENTS 
LIMITED 
FERNHILL, HAWLEY 


CAMBERLEY, SURREY 
Phone: Camberley 174! 























COMPONENTS 


for popular 
HIGH QUALITY 


OUTPUT TRANSFORMERS 


Williamson—Partridge £5 0 0 
and £5 13 0 

Woden £4 2 6 

Baxandall— Partridge £610 0 


Push-Pull—Partridge, 15 ohms. 
Three types: 6,000, 
8,000 and 10,000 ohms. 
AtoA Zs 2.9 
Webb’s, 3, 74 and 15 
ohms. Four types: 
4,000, 6,000, 8,000 and 
10,000 ohms. 
AtoA £110 0 


WEB BS Radio 











AMPLIFIERS 


MATCHED VALVES 


Each Pair 
PP5/400 ............ a) See 54/10 
PP3/250 ..........:. BG/G «0005. 33/0 
Lo en 12/10 ........ 25/8 
sR | ree 36/6 
BB assssvascisisse tet |, Seema 18/4 
Webb’s_ carry all essential 


components for the revised 
“Williamson”? circuit and 
other recognised designs. 


14 SOHO ST., OXFORD ST., 
LONDON, W.I ‘Phone: GERrard 2089 


Shop hours: 9 a.m.—5.I5 p.m. Sats. 9 a.m.—I p.m, 
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Wherever there’s current to be countered 
or voltage to be revolted let Delaron make the 
doings. One or other of the Delaron grades 
will possess the right electrical properties plus 
very desirable mechanical advantages. 


In thicknesses from 2”. Two colours — black 





and brown; various finishes. Various sheet sizes. 





Can be machined easily. May we send you full information ? 


THOMAS DE LA RUE & CO., LTD., Plastics Division, Imperial House, Regent Street, London, §$.W.1. 





ik 


See your machines 
in slow motion ! 


With Dawe Stroboscopes 
' tO . you can measure the speed of 
ir : : \ ; a a machine to an accuracy of 
: : , | per cent—then you can make 

the machine go through its 
paces and actually see, in slow 
motion, the results of mal- 
: if | ~%" adjustments, worn parts, slip, 
: or other mechanical defects. 

Can also be used to obtain 
tial | : high-speed photographs. 
| po Every research engineer, 


o-_ 
ane S 








a : designer and maintenance 
and ; eo engineer will find a valuable 
| use for this instrument. 
DAWE Do not forget to attend the 
S.1.M.A. Exhibition and Symposium 
ST November 2nd to 4th, 1949 
i INSTRUMENTS LTD 130 UXBRIDGE ROAD, HANWELL, 
LONDON, W.7. — EALING 6215 
I p.m, 


Visit the Electronics Centre — our new London Showrooms — at 83 Piccadilly: Mayfair 4613 














82 







for 
electric furnaces 
lamps évalves 


also: 
G VAC~ STEEL 
KL ‘and other. 
ss ij 
oy, | » SEALING-IN-WIRES 
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TRANSFORMERS 
CHOKES 


MAGNETIC 
AMPLIFIERS 


OPEN, CANNED OR 
HERMETICALLY, SEALED 


Sis 


ASSOCIATED ELECTRONIC 
ENGINEERS LTD. 


DALSTON GARDENS, STANMORE, 
MIDDLESEX, 


ELEPHOME 


r . FECEGCP AMS 
WORDSWORTH 4474.5 6 ELECTRONIC, STANMORE 
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BRAND NEW VALVES AT GREATLY 
REDUCED PRICES 


ALL GUARANTEED, 


6AB7, 6B8G, 6H6, 6SH7, OZ4, 3B7, EF50, Acorn 954, 
EAS0, 5/- each. 

5Z4, 2524, 117Z6GT, 6AC7, 6C5, 6F5, 6K7, 6/7, 6K8, 6N7, 
6SK7, 6SJ7, 6AGS, 6V6, 6Q7, VR1I50/30, VR105/30, ILNS, 
EBC33 (VR55) 9001, 9002, 9003, IR5, 5U4G, (VU7I) UI8, 
(AU) 6J5, 6SG7, 6K6. All at 6/6 each. 
5R4GY, 12SK7, CL33, 866A. All at 8/6 each. 


866A Rect. 10/6 each 832 17/6 each 
807 os ..  7/6each 6L6 12/6 each 
931A ... ... 30/- each 829B 80/- each 
829 a ... 57/6 each 


4uF 1,000V paper capacitors, 2/9 each or 3 for 7/-. 

16 x 16 450V electrolytic, 4/9 each or five for 21/-. 
Two-gang capacitor 500uF, 5/6 each. 

Assorted packet (100) resistors, from 27 ohms-3.9 meg. 
Our selection, 15/-. V.H.F. converter, £18 10s. 


Shop Hours: Monday—Saturday, 9—5.30 p.m. 


TELE-RADIO (1943) LTD., 
177 EDGWARE ROAD, LONDON, W.2. 


wero 


I 


LTD 


PAD 6116/5606 


AND MAJORITY BOXED. 


A converter designed for use ahead of any make o ‘com- 
munication receiver for 2, 5, 10, 11 metres. The power 
supply is built in and uses a 5W4 rectifier. The voltage to 
the RF oscillator and mixer is stabilised by a neon. A 
ganged tuning capacitor is used, and a chart calibrated in 
megacycles is supplied. -The IF frequency (output) is 
10,5 Mcls., and the instrument uses plug-in coils for the 
various bands. A changeover switch is also incorporated to 
throw the aerial from the converter to the receiver as 
desired. The RF input is tuned separately to gain maximum 
RF amplification. 


Send for 1949 catalogue, 9d. post free, and also special 
bargain list. Please include sufficient for postage and 
packing when ordering. 


Thursday, 9—I p.m. 


AMB. 5393 














— 
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FOR 
ALL RADIO AND ELECTRICAL USES. 19” PANEL RACKS: Four Poster Construction, 12” deep 
314” panel space .. =. ea an a ve A ae @ 
5’ 3” panel space .. ‘ ea a ata £3 10 0 
Drilled and tapped O.B.A. Finished in black. 
IN SILICON, DYNAMO, INTERMEDIATE CHASSIS : 
| Ss. d. Ss. @, 
AND TRANSFORMER QUALITIES. 7, ‘ . x 2. 18G. an LU : 16G. ere i : : 
| 99 9 6 cs 10 
177 X14" X25 i Ir Oo a 12 : 
TELEVISION CHASSIS: In tinned steel to order. 
PERMALLOY, MUMETAL, RADIOMETAL. ANGLE BRACKETS: Steel from 2s. 6d. pair. Aluminium from 
2s. gd. pair. 
19” RACK PANELS: Sizes from 1}”—12}” 14G. Steel, 2s. 9d. to 
SCREENS FOR ALL ELECTRICAL USES. 8s. gd. Sizes from 13” x12}” 16G. Aluminium, 3s. to gs. 9d. 
With turned long edges to give additional strength. 
| STANDARD FINISHES: Steel in Black and Grey Stoved 
Enamel. Aluminium self-coloured. Black and coloured Wrinkle 
2 TRANSFORMER SHROUDS FOR 35 AND Enamels to order. 
SMALL INSTRUMENT CASES: 18 Gauge Mild Steel Box with 
16 Gauge Aluminium Front Panel secured by four screws. Finished 
| 14 LAMS. in Black Wrinkle Enamel. 6” x 4” x 4 —8s. 6d. 8x6" x4", 
{ zos..6d.; 29° 8" x4", 198. 6d. 
} CARRIAGE: Paid on Orders over £2. 
GENERAL PRECISION ENGINEERS. DELIVERY: The above ex stock. Quick delivery can be made of 
special products to specification. 
SHERARDISING TO THE TRADE. REOSOUND ENGINEERING AND 
ELECTRICAL cuOMPANY, 
ELECTRICAL SOUND & TELEVISION PATENTS LTD. “Reosound Works,” Coleshill Road, 
12 PEMBROKE STREET, LONDON, N.!I. — TERminus 4355 SUTTON COLDFIELD. 
2/4 MANOR WAY, BOREHAM WOOD, HERTS. —ELStree 2138 Tel.-SUT. 4685 Grams-Reosound{SUTTON COLDFIELD. 























_ | THE OSCILLOSCOPE FOR EVERY INDUSTRIAL PURPOSE. 


10 Me/S. 


UINTIT] — z0sa-Gy- psu 
Oscilloscope « 

















VERY Oscilloscope requirement for 

Industrial Research or Production 
can be satisfied by the comprehensive 
range of UNIT Amplifiers and Time 
Bases. All instruments are immediately 
interchangeable without loose wires or 
the use of tools and many can be used 
independently of the Oscilloscope. Full 
details will be sent by return of post. 





' Also available : — 


D.C. Amplifiers, medium and high gain. Extra low A / ‘ | h 
frequency time base. Circular or spiral heptode time VC 1 a f C Pe AY 


base. Voltage calibrator. 


LABORATORIES 
LYDIATE ASH - NEAR BROMSGROVE - WORCS. 
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From all 
points of 


view... 








. .. . the Nagard Universal Mounting is a “‘ must ”’ for 
Oscillograph users. With it, there are no parallax 
errors when viewing the CRT screen since easy vertical 
and horizontal movements bring the axis of the CRT 
to your viewing position. No need to improvise tilts 
and no straining to lift the Oscillograph. 

The Nagard Universal Mounting increases accuracy of 
observations and adds comfort to working conditions. 
Suitable for all makes of portable oscillographs. 


NAGARD 


UNIVERSAL OSCILLOGRAPH MOUNTING 
(Patents Pending) 
Write or phone for desctiptive leaflet to : 
NAGARD LTD., 245, Brixton Rd., London, S.W.9 ° 


Tape: Brsimssso Tap Als MERRIE 











SOLON electric soldering irons have proved their capa- 
city for continuous service under the most exacting 
conditions. § models; 240 watt oval tapered bit; 125 watt 
oval tapered and round pencil bits and 65 watt oval 
tapered and round pencil bits. Each model complete 
with 6 feet of Henley 3-core flexible. Now available 
from stock. Write for folder Y.10. 


W. T. HENLEY’S 
TELEGRAPH WORKS 
co. LTD. 
51-53 Hatton Garden, 

London, E.C.1 ELECTRIC 


SOLDERING IRONS 
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HERMETIC GLASS TO METAL SEALS 





Long experience of vacuum techniques enables 
Cathodeon to offer hermetic seals unsurpassed 
for Quality. 


COMPREHENSIVE RANGE INCLUDES 
Up to 10,000 Volts proof. 
Up to 20 A. continuous current rating. 
Convolutions on H.V. types giving longer leakcge path. 
Hot tin dipped finish for ease of soldering. 
Ability to withstand pressures up to 100 lb./sq. in. 


Conformity with service f = 
CATHODEON 





specificatio 1s. 


CATHODEON LIMITED 
CHURCH ST + CAMBRIDGE 











AME 











HAVE YOU HAD YOUR COPY OF 
* ENGINEERING OPPORTUNITIES ”? 
Whatever your age or experience—you must read this high! 
informative guide to -g best paid engineering posts. The The handbook 
contains particulars of A.M.LC.E., A.M.L Mech, » A.MLLE. 

rit LRE., and. other important 
Examinations, and gen home-study courses in all aor 
ag ag ag 

vern 0: 
Draughtsmanship, Balding and Plas Plastics, Ma = 


‘*“NO PASS — ‘NO FEE’’ 
If you are earning less than £10 a week you cannot afford to miss 
cs reading “ Engineering Opportunities” It tells you everything 
you want to know to secure your future. Write for this enlightening 
guide to well paid posts NOw— and without obligation. 


BRITISH INSTITUTE OF B I E T 








ENGINEERING TECHNOLOGY 
337a, Sema House, Wale Stratford Place, 
ondon, W. 


JS ENGINEERS f 











RELAYS 


AND 


SWITCH KEYS 


LARGE EX-GOVT. STOCKS 
IMMEDIATE DELIVERY 
Types 600-3000 Relays — Also High Speed 


Rotary Selector Switches, Carbon Insets, Balanced Armature Insets, 
Plugs, Jacks, Condensers, Co-Axial Cables 


JACK DAVIS 


Dept. E.E. 
30 PERCY STREET, LONDON, W.I 


Telephone : MUSeum 7960 
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VISION in Design... 
Advance SIGNAL GENERATOR 


Type E.2. 





in 6 bands. 
Frequency: Guaranteed within 
+1%. 
Output: Approx. | volt 
unattenuated and variable from 
1 pV to 100 mV into a 75 ohm 
load through a matched trans- 
mission line. 

Stray Field: Less than 3puV at 
100 M 


c/s. 

Illuminated Dial: Total scale 
length, 30 in. 

Power Supply: | 10 — 210 — 
230 — 250 volts. 40-100 c/s. 
Dimension: 9} in. high x 
13 in. wide X 8 in. deep. 
Weight: 15 /b. 





The Advance Signal Generator Type 
E2 has been designed with an eye to 
future developments in the Radio 
and Television fields. Its wide range 
of frequencies, from 100 Kc/s to 
100 Mc/s on fundamentels, caters for 
the rising frequency requirements 
of modern radio and communica- 


tions. It is a fine example of 
* Advance ’ design and manufacture. 
This generator offers an instrument 
of laboratory standard at a price 
within the reach of moderate 
purses. The remarkable high 
frequency accuracy of +1% extends 
over the whole range. 


Advance soy 


GENERATOR 
ADVANCE COMPONENTS LTD., 
Back Road, Shernhall Street, Walthamstow, 
Tel. : LARkswood 4366/7/8 


Send for fully descriptive leaflet. 


VIONAT 





London, E.1I7 




















AERIALITE : 
COAXIAL CABLES 
are manufactured under strict Laboratory con- 
ditions and to Government Specification where 
possible. Send for list of the full range of 
AERIALITE R/F Cables and Feeders. 
THE D.P.O. MODEL 50—A _ new television 
Aerial. The best Aerial on the market at the lowest 
price. Available in two types—‘‘ London ’”’ and 
‘* Midlands,” and made up for three different styles 
of mounting. Features: Low-Loss Insulator, Water- 
proof Plug Assembly, Accessibility. Easy 
Erection, Strength, Broad Bandwidth, AT / & 
———. Rigidity. (Prov. Patent 26255/48.) 


nialifew. 


CASTLE WORKS, STALYBRIDGE, CHESHIRE. 


————_ Send for our booklet ‘‘ Bring the World tojyour Door” 
for details of all AERIALITE Products. 


TTT 
ANS 


HHL 


Wa 


Range: 100 Kce/s.—1!00 Mc/s 
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TELCON’S LATEST MAGNETIC 
DEVELOPMENT 





“a 





dé now avactlacvle ti 
Ccommenctial guantenaen 


B (KILOGAUSS) 








“H.C.R.” 
ALLOY TYPICAL LF ee 
D.C. HYSTERESIS 
LOOP 
10] 4 
5 
H H 
3 2 \ 1 2 


3 
(OERSTEDS) 


s ‘ 
Saturation 15,600 Gauss 

Remanence 14,800 Gauss 

Coercivity about 0.2. Oersteds 


| 10 


oS 


B (KILOGAUSS) 














The magnetic properties of this alloy 
make it suitable for mechanical 
rectifiers, magnetic amplifiers and 
special forms of reactors. 





Full technical details on request from : - 


THE TELEGRAPH CONSTRUCTION & MAINTENANCE CO. LTD 








Meet us at Radiolympia — Stand 30. 
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che CONSTAC 







A versatile transformer 
which provides a fully 
stabilised 6.3V. heater 
supply in addition to a 
variety of stabilised 
H.T. outputs. Origin- 
ally designed for use 
in E.I.L. instruments, 
the CONSTAC* is now 
available to manufac- 
turers of high grade 
equipment 


* Made under licence by 


The Banner Electric Co., Ltd. TYPE A 


Input: 230V. 50 c/s. 
L.T. Output: 6.3V. 2 A. 


H.T. Output: 350V. 25 mA or 700V. 12 mA 
or 350V. 12 mA and 170V, 25 mA 








ELECTRONIC INSTRUMENTS LTD € 


17 PARADISE ROAD + RICHMOND - SURREY 








METAL GABINETS & CHASSIS 


4 Fe i ~~ »p = rans re yA 
i i Ve > 4 ” 
MOTAL LETTERS 


FOR SHOP FRONTS & SIGNS 
ta Naybrite -Enamelled Stel 
STEEL SHELVING AND 
STORAGE RACKS 


FLUORESCENT LIGHTING FITTINGS 


Constant Voltage Transformer 














September, 1949 





When an unusual 
Specification is required 


We can give you the benefit of 20 years 
experience in transformer construction 
and design. We do NOT mass produce. 
Every instrument is built to suit your 
most exacting individual specification. 


Send your enquiries for the personal 
attention of our Mr. W. Bryan Savage. 


SAVAGE OF @ DEVIZES 


Telephone : Devizes 536 
SAVAGE TRANSFORMERS LTD. NURSTEED ROAD,” DEVIZES, WILTS. 








BROWN -E.R.D. 13 inch Portable Disc Recorder 
An important S. G. Brown product 


\) 
wy Ul silane 


DISC RECORDER 


Incorporating the latest advances 
in Sound-on-Disc Recording 
Write for interesting brochures presenting full technical 


details of this latest development in Sound-on-Disc record- 
ing. Also 17 inch models for the Professional user. 


Ss. G. BROWN, LTD., Shakespear e St., WATFORD 


Established in Electro Acoustics and high precision Engin- 
eering for over 40 years. Manufacturers of the world- 
famous ‘ BROWN ° Gyro Compass. 


Telephone : WATFORD 7241. 
















ey 
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HIGH VACUUM PUMP 
APPARATUS 


for the production 
of metal coatings 
on glass 






BARR & STROUD Ltd. 


Works: ANNIESLAND, GLASGOW, W.3. 
London Office: 15, VICTORIA ST., S.W. I. 








€O-AXK ARTICULATED RE CABLES 


BASICALLY 


BETTER 
IMMEDIATE 
DELIVERIES 

FOR WOME & EXPORT 






ror RA Oe 















{38a CROMWELL ROAD 
LONDON. SW 


TRANSRADIO LTD. 
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STENTLY 


PULLIN 


INDUSTRIAL 
MEASUREMENT 


Linear Scale  Bridge- 

type Ohmmeter, with 
press key, designed for 
routine production § testing 
of all resistive components. 
For battery or A.C. mains 
operation. (A.C. mains 
Operated instruments are 
compensated for voltage 
variations up to — 15%.) 
Designed and _ constructed 
to withstand severe indus- 
trial use. Available as single 
or multi-range. 


: Standard pattern four-range 

Series 85 Industrial instrument reading 0/10, 
Bench Type Ohmmeter 0/100, 0/1,000 and 0/10,000 
ohms ; thirteen other models 
available. 


Address all enquiries to 


MEASURING INSTRUMENTS (PULLIN) LTD 
rin Works, Winchester St, London, W.3 
— vores pond 0654/3 & 4995 —=i>— 


STANDS UP TO HARD USE 





because — 
Made principally of steel 
Steel- preserving electrolyte 


Fully enclosed 
active materials 


Practically free from 
self-discharge 


NIFE BATTERIES ° 


STEEL BATTERIES 


(N.B. Nife batteries are not yet available 
Sor private cars or domestic radio.) 


REDDITCH * WORCESTERSHIRE 
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Hectronic 





Engineering 


WELCOMES YOU TO 


STAND 155 


AT 


RADIOLYMPIA 1949 


WHERE YOU WILL BE ABLE TO SEE TWO 


MODERN HOME-BUILT TELEVISORS 


ONE FOR 


LONDON 
AND THE OTHER FOR 


SUTTON COLDFIELD 


A HOME-BUILT F.M. RECEIVER 
AND A NEW BOOK 


CATHODE RAY TUBE TRACES 
by HILARY MOSS Ph.D. 
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PEN STENCILS 
ASK West’s advice on: 
Drawing Office Equipment 
Sensitized Papers 
Blue Prints and Dye Line Prints 
True-to-scale Prints 
Surveying Equipment 


We can help you from start to 
finish 


A. WEST & PARTNERS LTD. 


36 BROADWAY, WESTMINSTER, S.W.| 

















THE “FLUXITE 
QUINS ’ AT WORK 


“* Our radio's crackers "’ 
wile 
“Something's upset it 
to-day, 
Our aerial’s all right, 


And fixed with 
R FLUXITE, 
But it keeps shouting 
‘Press Button A’!”’ 








For all SOLDERING work—you need FLU X!ITE—the paste 

flux—with which even dirty metals are soldered and ‘‘tinned.”” 

For the jointing of lead—without solder and the “ running wy 

of white metal bearings—without *‘ tinning ’’ the bearing. 

It is suitable for ALL METALS—excepting ALUMINIUM— 

and can be used with safety on ELECTRICAL and other 

sensitive apparatus. 

id Fluxite Joints can be “ wiped” success- 
lly, that are impossible bv any other method 










Used for over 40 years in Government 
Works, and by leading Engineers and Manu- 
facturers. OF ALL IRONMONGERS— 
IN TINS—10d., 1/6 and 3’-. 





The “Flux- 
ite Gun” 


== FLUXITE 





£ 


pressure. LS aT 
‘aici 36° XT SIMPLIFIES ALL SOLDERING 


Write for Leaflets on CASE HARDENING STEEL and TEMPERING 
TOOLS with FLUXITE also on ‘‘ WIPED JOINTS.’’ Price Id. each. 


FLUXITE LTD. (Dept. T.V.) Bermondsey St., London, S.E.1 
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‘SINTREX’ BRAND 


ELECTROLYTIC 
IRON POWDER 


FOR POWDER METALLURGY 





ose 
oobi 
. % 


GEORGE COHEN SONS & CO. LTD 


BROADWAY CHAMBERS LONDON, W.6 
Telephone: Riverside 4141 


53 496/IP15 


PLAN YOUR 
CAREER 


RADIO - TELEVISION 
and other INDUSTRIAL 


hy , ELECTRONIC subjects 
Yyf j, Hf} ELEMENTARY & ADVANCED COURSES 








PS 


/ 





WRITE FOR FREE BOOKLET summarising ey 
careers available in Electronics and giving particulars 
of Courses offered by E.M.I. Institutes. 


The booklet contains full details of elementary 
and advanced HOME STUDY and DAYTIME 
courses in Radio, Television, Telecommunica- 
tions and Industrial Electronics. 


Courses ideal for those seeking recognised qualifications 
are also available. 


Payment for tuition can be made in easy instalments 
if required. 





Write to Dept. 11 


E.M.I. INSTITUTES 


48, GROVE PARK ROAD, LONDON, W.4. CHiswick 4417/8 


Associated wit? 
“HM Vv 
MARCONIPHONE 


COLUMBIA 


ETC 
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Acoustical Manufacturing Co., Ltd. 
Advance Components Ltd. 
Aerialite Ltd. 

Associated Electronic tines Ltd. 


Automatic Coil Winder & Electrical 
Equipment Co., Ltd., The a és 


Baldwin Instrument Co., Ltd. 

Barr & Stroud Ltd. 

Belling & Lee Ltd. 

Berry’s (Short Wave) Ltd. vie 
British Electronic Products (1948) Ltd. 


British Institute of eieteartatiadl Tech- 
nology 


British Snsateind Callender’s Cables Ltd. 
British Rola Ltd. és +s 
British Thomson-Houston Co., Ltd., The 
Brown Ltd., S. G. 

Bulgin & Co., Ltd., A. F. 

Cathodeon Ltd. 

Chapman & Hall Ltd. mt 
Chase Products (Engineering) Ltd. 
Cinema- Television Ltd. 

Cleveland Art Metal Works 

Cohen, Sons & Co., Ltd., George 

Davis Supplies Ltd., Alec 

Davis, Jack 


Dawe Instruments, Ltd. 


INDEX TO ADVERTISERS 


24 DeLa Rue & Co., Ltd., Thomas a .. 31 Multicore Solders Ltd. — ... .. Cover iii 
35 Edison Swan Electric Co., Ltd., The 6&17 Murex Ltd. 5 _ ~ y - 27 
35 Electrical Sound & Television Patents Ltd. 33 Nagard Ltd. ; ro 2 ms .. 34 
32 Electronic Instruments Ltd. 9 ~ -_ Nife Batteries .. ; me eh aie 
E.M.I. Institutes Ltd. - % ae Painton & Co., Ltd. .. v a 21 & 40 
z E.M.I. Sales & Service Ltd... ‘a zs 8 Reosound Engineering & ElectricalCo. .. 33 
” Ferranti Ltd... ae v ey J) Robinson & Partners Ltd., F. C. 7 4 
37 Fluxite Ltd. os . « Salford Electrical Instruments, Ltd. ay ae 
19 Foster Transformers & nuentiee Ltd. 16 Savage Transformers Ltd. .. i | 
4 Fox Ltd., P. X. a .° os .. 28 Southern Instruments Ltd. a ae 
26 Hazlehurst Designs Ltd. =e .. 26  Steatite & Porcelain Products Ltd. - 9 
34 Henley’s Telegraph Works Co., Ltd.,W.T. 34 Sullivan Ltd., H.W. .. ; P 23 
11. Holiday & Hemmerdinger Ltd... : 4 Taylor Electrical Instruments Ltd. ee 
29 Imhof Ltd., Alfred . . . -. 2 Taylor Tunnicliff (Refractories) Ltd. a 4 
190 Johnson, Matthey & Co., Ltd. : . 22 Telegraph Condenser Co., Ltd., The Cover iv 
36 Lewis & Co.,Ltd.,H.K. . °° - 346 ‘Telegraph Construction & mee 
12 LondexLtd. .. i es 4 Co., Ltd., The 5 and 35 
34 London Transformers Products, Ltd... 4  Tele-Radio (1943) Ltd. Pe -. 32 
347 Lydiate Ash Laboratories , ty 3 33 Teenie Ltd. iz = 37 
36 Mo rconi Instruments Ltd. ow ee a ee es 2 Ti 
2 University Radio Ltd... : ; as 4 
15 Marconi’s Wireless Telegraph Co., Ltd... 22 Vactite Wire Co., Ltd. in 7 eae 
4 Measuring Instruments (Pullin), Ltd. .. 37 ae ee 7 re 14 
39 Modern Book Co., The ; os -- 346 Walter Instruments Ltd. .. Cover ii 
28 Morganite Resistors Ltd... : Cover i Webb’s Radio .. f : 30 
34 Muirhead & Co., Ltd. - ; .. 5 West & Partners Ltd., A. .. 39 
31 Mullard Electronic Products, Ltd. 20 & 25 Westinghouse Brake & Signal Co., Ltd. 23 





xnoes pits € ponreRS y PAINTON 





NORTHAMPTON 


PAINTON & COTO KINGSTHORPE ° NORTHAMPTON 
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:! Remember ERSIN MULTICORE SOLDER 
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FS nagar Shs Byres f Remember the assembly line on the Ersin Multicore stand, 
§ Wnere over a million parts of radio sets were assembled and 
33,500 Multicore soldered joints made ? 

At the 1949 Radiolympia, Multicore will have the co-operation 
of E.M.I. Factories Ltd. On stand No. 84, R.F. units of 
‘* His Master’s Voice”’ Television receivers Model 1807, will 
be assembled and Multicore soldered. 





In this ‘model factory” thecare andj precision of E.M.I.manu- 
facturing processes will be 


4 Oo! seen. Each R.F. unit 
' ; manufactured on_ the 
} : Multicore stand will in- 
‘ : : 


ERSIN 42 
volve the assembly of 47 Wier 
parts, including 8 valves : RE 
and. the making of 117 °° 
Ersin Multicore soldered 
joints, 


7 ib. reels are preferred 
by most manufacturers. 
Bulk prices upon re- 

uest. Size I cartons 
i Service engineers 
and workshops. 
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range. Developed as a result of ,long 
and continuous research and experience. 
T.C.C. Condensers are in the van of pro- 
gress in design, technique and efficiency. 


Whatever the needs of the Electronics 
Industry, and other Industrial users, 
for electrical condensers, a suitable type 
will be found in the extensive T.C.C. 


THE TELEGRAPH CONDENSER CO, LTD. 
: N W 2 RAM Aopen 
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